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VACUUM TRENDS 


A REGULAR STUDY of the abstracts shows the vitality 
of vacuum technology and the impressive variety of 
its industrial applications. 

Exciting new possibilities for vacuum deposition 
techniques include metallised radiation-proof clothing 
(with associated coated visors), transparent conduct- 
ing metal oxide films on glass which may result in the 
regular use of vacuum methods for the coating of car 
windscreens and instrument windows for defrosting 
purposes, baker’s pans made of metallised fibre- 
board, etc. In the chemical field a method of 
producing waxes from sugar waste by vacuum 
distillation is being investigated and aims at capturing 
a market of an estimated 38 million dollars per annum 
and freeze drying might find a new industrial outlet 
should the present experiments on the uses of bacteria 
for sewage treatment prove successful. 

Speaking of potential business, we would like to 
draw attention to the report, ‘High Vacuum in 
Industry ’, prepared recently as a post-graduate study 
thesis by six students under the guidance of Professor 
G. Doriot at the Harvard Graduate School of 
Business Administration. This report which will be 
reviewed in the next issue gives a praiseworthy survey 
of present applications and potential developments. 
After discussing the technical basis of vacuum 
technology the authors proceed to analyse the merits 
of vacuum processes in optics, electronics, metallurgy, 
chemistry and food processing. On the basis of this 
analysis they attempt to give guidance on probable 
developments in the next ten years. This report, 
although prepared within the limits necessarily 
imposed by a student’s thesis, should prove most 
useful as an introduction to the industrialist who 
wishes to explore the possibilities of vacuum processes. 


STANDARDISATION 


TWO SIGNIFICANT NEWS ITEMS will be found on page 
267. The British Standards Institution has formed a 


committee to initiate standardisation in vacuum 
engineering terminology and the VDI jointly with the 
VDGP, two leading German professional societies, 
have established a Vacuum Study Group with a 
rather wider purpose. 

The German plans, although essentially concerned 
with the exchange of technical information between 
vacuum workers, also recognise the need for standard- 
isation. This need is a real one and it is hoped that 
the British Standards Institution, by its limited 
immediate action, will quickly achieve results of 
practical importance. 

The present position in terminology is certainly 
confusing, especially for newcomers to vacuum 
engineering, when we have various expressions for 
the same thing. Thus, errors can easily arise by the 
indiscriminate use of ‘ backing line ’ and ‘ fore space ’. 
If this tendency is not arrested in time matters will 
seriously worsen, because of the growing habit within 
a body of workers to use expressions coined ad hoc in 
descriptions of their work. 

It is to be hoped that the British Standards 
Committee will consider further action once the 
vocabulary has been completed, for more needs to be 
done. It would be difficult, if not impossible, to 
obtain agreement between manufacturers on 
standardisation requiring significant changes in their 
manufacture but, of course, much can be achieved by 
ensuring that proper use is made of existing engineer- 
ing standards. What we have in mind is the urgent 
necessity for the standardisation of measurement 
techniques and apparatus performance data vased 
upon them. For example, performance specifications, 
supplied by different manufacturers and workers in 
all good faith for pumping equipment, often differ and 
can be quite misleading, simply because different 
testing and measuring techniques have been used. 
Standardisation in this direction is essential now that 
vacuum engineering is so well established and 
internationally used. 
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Dr. Greenland was born in London in 1912. He received his professional education at University 
College School and University College London and took his B.Sc. (Special) in Physics in 1933. Sub- 
sequently he was engaged in post graduate research under the guidance of Professor E. N. da C. Andrade, 
F.R.S., at the Carey Foster Laboratory. During these three years he was mainly concerned with the study 
of mercury single crystals. In 1937 he published two papers on this work, ‘ Slip Bands in Mercury Single 
Crystals ’ and ‘ Critical Shear Stress of Mercury Single Crystals ’ and was awarded the Ph.D. 


In the same year he joined the laboratories of the British Scientific Instrument Research Association as 
an assistant physicist and was charged with the task of investigating the high vacuum metal deposition pro- 
cess. These investigations soon grew in scope and embraced the optical qualities of thin films, in particular, 
those of anti-reflection and multi-layer films. His first papers were published in 1943 (on non-reflecting 
films) and in 1946 (on interference filters). When the B.S.I.R.A. research programme was re-organised 
and the laboratory facilities expanded, Dr. Greenland was appointed Head of the Physics Department but 
the study of vacuum evaporation technique continued to be of major interest to him. In 1949, during the 
Marseilles Conference on Thin Films Dr. Greenland published a paper on ‘ The Construction of Inter- 
ference Filters for the Transmission of Specified Wavelengths ’ which was followed by a further publication 
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Measurement and control 
THE THICKNESS OF THIN FILMS 


Summary 

THE THICKNESS of thin films may in general be measured by 
gravimetric, photometric, polarimetric, or interferometric 
methods. The principles and some refinements of these 
methods are described, together with examples of some 
other methods (X-ray, radioactive tracer, and electrical) of 
more limited application. Most of the methods have also 
been adapted for the indication or control of the thickness 
of films deposited by high vacuum or sputtering processes. 
The films measurable by the methods described range in 
thickness from a few Angstrom units to a few microns. 
The bearing of the method employed on the meaning of 
thickness values is briefly discussed. 


~K.M. Greenland, B.Sc., Ph.D., A.Inst.P., F.R.M.S. British Scientific Instrument Research Assn.., 


Elmstead Woods, Chislehurst, Kent* 


Sommaire 
L’EPAISSEUR DES COUCHES minces peut généralement étre 
mesurée par des méthodes gravimétriques, photométriques, 
polarimétriques ou interferométriques. Les principes de 
quelques raffinements de ces méthodes sont décrits, en 
méme temps que quelques autres méthodes -(rayons X, 
traceurs radioactifs, et électriques) d’applications plus 
limitées. La plupart des méthodes ont également été 
adaptées a l’indication ot le contréle de l’épaisseur des 
films déposés sous vide poussé ou par projection cathodique. 
Les films mesurables par ces méthodes vont de quelques 
Angstréms 4 quelques microns d’épaisseur. L’influence 
de la méthode employée sur la valeur de la grandeur 
mesurée est brévement discutée. 


INTRODUCTION 


SURFACE COATINGS deposited by the processes of 
sputtering or high vacuum volatilisation are typical 
examples of thin films; their thickness lies between a 
few Angstrém units and a few microns. These limits 
will therefore be taken to define the range of thickness 
of the films which are to be the subject of this review. 
Although most of the methods to be described have 
been applied to the determination of vacuum- 
deposited films, some of them were specifically 
designed for films produced in other ways. 

The majority of methods may be divided among 
four classes : gravimetric; photometric; _polari- 
metric; interferometric. In addition there are a 
number of methods which have been devised for 
particular films; these methods involve such 
properties as X-ray absorption and radioactivity, 
while electrical resistance and the effect of metal films 
on inductance have been used for control of thickness. 


*M.S. received May, 1953 


The choice of method would probably be governed in 
the first place by the resources available in the 
laboratory, but each of the four main groups has 
characteristics which make it specially appropriate for 
one particular class of film or purpose of measurement. 

The gravimetric method can cope with the whole 
range of thin film thicknesses; where a large number 
of films are being examined this method provides 
a convenient scale or measure of film thickness. 

For light-absorbing films thin enough to be semi- 
transparent, photometric methods can be made to 
give a sensitive indication of thickness within rather 
narrow limits of thickness, but if an absolute measure, 
rather than a relative figure, is required it becomes 
necessary to measure the optical constants (refractive 
index and absorption coefficient) of the film. These 
being obtained, the direct calculation of film thickness 
is still very tedious; graphical methods have been 
developed to alleviate the task. With non-absorbing 
films the problem of calculation is much simpler but, 
owing to the low values of refractive index for 
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transparent films, the photometric values may differ 
so little from those of the support that precise 
measurement is not easy. 

Polarimetric methods are based on measurements 
of the relative reflectivities and phase relations of the 
polarised components of the light reflected by the 
film and its support. Polarimetry is the classical 
method for examination of the optical properties of 
very thin films and although its application to thick- 
ness measurement may be tedious it has been widely 
employed, especially in the determination of oxide 
and contaminant films on metals. Although prim- 
arily used for very thin films the validity of its 
formulae has been proved up toa thickness of 40,000 A. 

Interference plays its part in determining the 
reflecting and polarising properties of thin films and 
therefore enters indirectly into both the photometric 
and polarimetric methods. The term ‘ interfero- 
metric method’ is nevertheless reserved for those 
methods in which interference is used directly, by the 
observation of interference colours or the measure- 
ment of interference fringes. The methods utilising 
fringes require an interferometer or, alternatively, 
special treatment of the film to be measured, but are 
capable of high accuracy, do not involve tiresome 
calculations, and are now probably the most widely 
used. They cover, broadly speaking, the range 
100 A — 10,000 A (0.01—1 micron). 

It would be impossible to give an account of all the 
variations of even the main groups of methods, but 
an attempt has been made to describe a few typical 
experimental procedures for each of the principle 
methods, followed by some examples of the methods 
of more restricted application. A distinction has been 
drawn wherever possible between methods of 
measurement, from the results of which the geo- 
metrical or optical thickness can be calculated, and 
methods of control, which are intended to enable 
films of pre-determined thicknesses to be prepared; 
in the latter case the thicknesses are not necessarily 
calculable without calibration of the control apparatus. 

The thickness of a film is not always easy to define, 
for the investigation of structure-sensitive properties 
such as optical constants and resistivity together with 
the supporting evidence of the electron microscope 


show that at thicknesses below, say, 100 A — 300 A, 
the structure of volatilised and sputtered films is very 
different from that of the massive material. Aggrega- 
tion gives to the film a porous structure and an 
irregular surface so that the meaning of thickness 
becomes ambiguous. In effect, thickness in this 
* very thin ’ region is defined by the method by which 
it is measured. Even in thicker films, for which the 
structure-sensitive properties are not markedly 
dependent on thickness, the effect of aggregation often 
persists and gives to the film a density and refractive 
index lower than that of its constituent material. 


GRAVIMETRIC METHOD 


A silver film of density 10.5, area 10 cm’, and 
thickness 10 A would weigh 10.5 micrograms. This 
is roughly the lower limit of mass to be measured 
in the gravimetric method and it is just on the lower 
limit for standard micro-chemical balances. The 
high accuracy and stability of these instruments has 
to be paid for and some workers prefer to construct 
for themselves a torsion balance of just sufficient 
capacity and accuracy. In this case the whole 
balance may be contained within the vacuum 
chamber and so placed that a film equal in thickness 
to that of the film to be determined (or in known 
ratio to it) is deposited on the ‘ pan’ of the balance. 
This scheme has been used in researches on evapo- 
rated metal films by Clegg and Crook! (Fig. 1) and 
by Rhodin.*® 

The inclusion of the balance within the vacuum 
chamber is of particular advantage when it is desired 
to follow changes in a property of a volatilised or 
sputtered film at successively increased thicknesses 
since the specimen under examination can be left in 
situ in the vacuum chamber and the vacuum may 
remain unbroken throughout the experiment. On 
the other hand, the torsion balance must be removed 
from time to time to have the deposited metal 
removed from the ‘ pan’. 

The thickness calculated from the mass with the 
assumption that the film density is equal to that of 
the bulk material is generally known as the ‘ bulk 
thickness’. Uncertainty in the values of density for 
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vacuum-deposited films limits the accuracy of thick- 
ness determination by this method. Indeed, when 
describing very thin films it is perhaps more logical 
for reasons already given to specify their mass per 
unit area rather than their ‘ thickness ’. 

The deposition of films of predetermined thickness 
by evaporation of a weighed quantity of material has 
often been attempted. The general experience is that 
the method is not very reliable, although a famous 
continental optical firm was reputed to have used it 
on a production scale in the anti-reflection film 
process. The chief causes of inaccuracy are loss of 
material by ‘ spattering’ and inconsistency in the 
spatial distribution of the evaporating material due to 
variations in the manner in which the vapourised 
material leaves the heater. Some materials also fail 
to condense completely. Strong’, Ranc*, and Schoen 
and Davis‘ have derived formulae relating film thick- 
ness to the mass evaporated and the geometry of the 
system. Schoen and Davis give an alignment chart 
for calculating the thickness, t, at a point on the film 
surface from the formula : 


M sin 0 
rp (1) 
where M is the mass evaporated, () the angle between 
the surface and the line joining the source to the point 
of condensation, r the distance of this point from the 
source, p the density of the material, and k a constant 
depending on the type of source (k = 1 for a source 
giving spherical distribution). Ranc gives experi- 
mental results for gold on a flat ribbon evaporator and 
claims fair agreement with a formula which is 
identical with that of Schoen and Davis ifk = 4. As 
Ranc’s results are plotted on a logarithmic scale the 
agreement is not as close as a casual inspection might 
suggest. The corresponding formula for sputtered 
films is not easy to derive on a theoretical basis and 
any working formula has to be mainly empirical®. 


PHOTOMETRIC METHODS 


Transparent Films 


The reflection and transmission factors (measured 
in monochromatic light) of transparent films on a 


THICKNESS MEASUREMENT OF THIN FILMS 


transparent base undergo periodic variations as the 
thickness increases. This is due to interference 
between the reflections arising at the two boundaries 
of the film. To simplify the discussion, only the 
reflection properties will be considered; measure- 
ments depending on transmission variations are 
moreover rarely made since the variations are small 
compared with the average intensity of the trans- 
mission. For films of refractive index lower than that 


NOUN 


by courtesy of #. Sct. Instrum. 
Fig. 1. A microbalance for weighing evaporated films 
(designed by P. L. Clegg and A. Crook.) 


Legend: A, beam; B, pan; C and D, centre-of-gravity 
adjusters; E, mirror; F, tension spring. 


of the base, minima of reflectivity occur for normal 
incidence when the optical thickness is equal to odd 
multiples of A/4, where A is the wavelength of the 
incident light. If the refractive index of the film is 
higher than that of the base these thicknesses give 
maxima of reflectivity. In either case the intervening 
maxima or minima, as the case may be, occur at 
optical thicknesses of A/2 and multiples of A/2. A 
determination of the wavelengths of one or more of 
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these minima, or of the intermediate maxima, will 
therefore enable the optical thickness to be calculated, 
provided that the appropriate order of the inter- 
ference is known. The order is usually quite easily 
established, by observing, for instance, the succession 
of colours during deposition or by arranging a shield 
to give a penumbral wedge at the edge of the film so 
that the successive orders of interference colour can 
be counted. If the film is thick enough for two 
successive minima to be located at wavelengths A, 
and A,, within a wavelength range over which 
dispersion is negligible, the corresponding orders of 
interference m and (m + 1) may be determined by 
finding the value of m which satisfies the equation 


m A, = (m - 1)A, (2) 


Alternatively, measurements may be made at two or 
more angles of incidence. 

Approximate measurements of a wavelength of 
minimum reflection may be made visually with a 
spectrometer but a spectrophotometer is usually 
necessary. Even this instrument does not enable 
a very close determination to be made on minima 
or maxima of the first or even second order since 
they are very broad. Giacomo and Jacquinot® 
have devised a precision method for these con- 
ditions. The essence of this method is that light 
reflected or transmitted by the specimen film 
enters a constant deviation spectrometer; the 
emergent light, now dispersed into a spectrum, is 
reflected by a mirror on to a slit in front of a 
photo-multiplier cell. The mirror is given a 
vibratory motion of 100 c.p.s., thus modulating the 
wavelength of the light reaching the cell to the extent 
of 100 A. An amplifier enables the value of dT /dA 
(or dR/dA) to be displayed on a cathode ray tube 
screen or read with a meter. An accuracy of A/150 
is achieved for broad peaks. 

By immersing the film (supported on glass) in a 
liquid of the same refractive index as that of the glass, 
Bechtold’ obtained better definition of the dark 
bands, the minima being reduced to zero. He was 
thus able to measure a thickness of 1.3 microns to an 
accuracy of + .03 micron, using aspectrometer. For 
the case when no maximum or minimum exists within 


a convenient wavelength range, Abelés® has derived an 
equation giving the thickness (and also the refractive 
index) in terms of the reflectivity at two wavelengths. 
The film must, of course, be of such a thickness that 
the difference in the reflectivities at the chosen wave- 
lengths can be measured with sufficient accuracy. 

Single photometric measurements can only give 
values of optical thickness. If the geometrical thick- 
ness is wanted the refractive index , must also be 
determined. This is a simple matter when a reflection 
minimum or maximum is observable; a measurement 
of the reflectivity R at a minimum for the case* 
LU < My, Where w, is the refraction index of the support, 
or at a maximum for the case* y > up yields the 
refractive index by means of the relation 


1+ VR 


(3) 


Some of the other methods of film determination to 
be described later yield a value for the refractive index 
as well as the thickness but a simple independent 
method for finding the refractive index which the 
writer has found very useful, must be mentioned here. 
It is due to Abelés® and is based on the theorem that 
the reflectivity of a surface is unaltered if it is coated 
with a transparent homogeneous isotropic film and 
illuminated at the angle of incidence for which the 
coefficient of reflection of the first (air-film) surface is 
zero. The film must be deposited on part of a glass 
plate so that a sharp boundary is visible. The plate is 
mounted on a goniometer and illuminated with a 
parallel beam of light (preferably monochromatic) 
polarised with the electric vector parallel to the plane 
of incidence. The film boundary is focussed with the 
telescope (fitted with an auxiliary lens) and the angle 
of incidence adjusted until the coated and uncoated 
areas of the plate appear to be equal in brightness. 
The refractive index is then given by y = tan ¢, ¢ 
being the angle of incidence. The accuracy is high 
(third place of decimals) for values of , within +: 0.3 
of that of the glass plate and the method is still useful 
for much higher values. 


* Abelés (loc. cit) writes »? in error for u. 
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Absorbing Films 

The direct determination of the thickness of 
absorbing films on transparent supports from 
measurements of reflection and transmission is 
difficult since three unknown quantities are involved, 
namely, thickness, refractive index and extinction 
coefficient. Moreover, until quite recently it had not 
been possible to use a general and explicit expression 
for thickness in terms of the measurable quantities. 
At least three quantities must be measured; these 
may be the reflection factors in air, R, and in the 
support R’, and the transmission factor T, or the 
corresponding phase changes. To avoid the tedious 
calculations involved in finding values of thick- 
ness t and optical constants v and yx which fit 
the three experimental values a graphical method 
was originated by Perrot and improved by 
Cotton and later, by Malé!’. Wolter! has, how- 
ever, shown that in certain cases an approximate 
relation exists between R, R’ and T, In these 
cases Malé points out that it is necessary 
to substitute measurements of the phase changes. 
A general equation for t in terms of all six 
determinable quantities of reflection, transmission, 
and phase change has now been derived by 
Schopper,# while Abeles* has a cubic equation 
involving R, R' and T, applicable to very thin films 
only. 

The thicknesses of films as measured by Schopper’s 
method (or by any other method involving the 
simultaneous determination of the optical constants) 
differ from those given by the gravimetric method. 
Malé gives the ‘packing factor’ for the films 
discussed in his paper; the values range from 0.2 at 
10 A to a maximum of 0.86 at 220 A. 

It may be concluded that direct thickness determin- 
ation by photometric means is comparatively simple 
for transparent films but complicated, both in 
experimental procedure and in calculation, for 
absorbing films, and that the latter can only be 
determined when they are sufficiently transparent 
for transmission measurements to be made. The 
properties utilised are not particularly sensitive to 
film thickness so that the photometric measurement 
must be made with great care. 


THICKNESS MEASUREMENT OF THIN FILMS 


Image clot 
obscured by E Barrier Photo-cell 
creenE 
Om 


\; 


Control 


| 


| 


Crucible C 

Y 
SSG ISG 

ZW 

Monochromatic, 4 
Light Source F 


Diffusion Pump 


by courtesy of Le Vide 


Fig. 2. Photometric control of film thickness (proposed 
by C. Dufour). 

Legend: C, evaporation source; V, specimens for 
coating, 


Methods of Control 


The photometric control of film thickness is widely 
used in the high-vacuum deposition of metals and, to 
a lesser extent, of transparent films. The simplest 
method, which must have been used on occasion in 
every laboratory concerned with this work, is to 
compare visually the transmission of the specimen in 
the vacuum chamber with that of a ‘ standard ’ of the 
desired optical density. The evaporator itself is often 
used as the light source. With practice and the taking 
of obvious precautions, quite good results may be 
obtained, especially in the region of higher densities. 
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Many hundreds of rhodium sun filters with a density 
of about 4.2 have been made in this way. For 
greater precision the eye is replaced by a photocell 
and galvanometer and the system calibrated with a 
series of standards. Dufour’ uses a lens mounted 
beside the specimen as a monitor (Fig. 2); light from 
an external source enters the chamber through a 
shielded window in the baseplate and is transmitted 
(or reflected) and focussed by the lens on to the 
photocell. Dufour’s curves for T and R show that 
the method is sensitive for silver films up to 500 A 
thick and usable up to 900 A. The method is also 
suitable for transparent films, for which there is, of 
course, a periodic variation of reflectivity with thick- 
ness. Frémont!® surmounts the difficulty of 
eliminating stray light by employing ‘ chopped light ’ 
_ and an a.c. amplifier for the photocell output. 

A common source of error in the photometric 
methods of control is the darkening of windows 
through inadequate screening. The only safe method 
is to use movable screens very close to the window, 
since some materials diffuse round screens or re- 
evaporate from interior surfaces to a marked extent. 


A comparator method described by the writer and 
Billington’® in which most of the system was inside 
the vacuum chamber, failed for that reason when zinc 
sulphide was being deposited. Some other sources of 
error are mentioned by Zehden.‘’ 


POLARIMETRIC METHODS 


The formation of a partially or completely trans- 
parent film on a metallic or dielectric surface alters 
the state of polarisation of light reflected from the 
surface. The magnitude of the change depends on 
the thickness and refractive index of the film, so that 
an analysis of the mode of polarisation in the reflected 
beam affords a means of measuring these two 
quantities. 

The reflected light is in general elliptically polarised 
and its state of polarisation is completely determined 
when the orientation y of the major axis of the vibra- 
tion ellipse with respect to the plane of incidence and 
its ellipticity y are known, since from these the ratio 
of amplitudes tan y of the ‘ p’ and ‘s’ components 


and their phase difference A can be calculated : 
tan zy 
~ sin 2x (4) 

The measurement of x and y can be made with great 
precision by well-established procedures; the 
difficulty of the polarimetric method lies in the 
complexity of the mathematical procedure which is 
necessary to extract the value of film thickness. 

The theoretical foundations of the polarimetric 
determination of thin films were laid by Drude but 
the simplifying approximations which Drude was able 
to introduce when dealing with films of thickness much 
less than the wavelength of visible light are no longer 
valid when thicker films have to be considered. 
Formulae capable of application to thin films in 
general and expressing the state of polarisation of 
reflected light from transparent or metallic surfaces 
coated with transparent or absorbent films are now 
available but from the point of view of film determin- 
ation it is unfortunately not possible to obtain a 
general explicit expression for thickness (and 
refractive index) in terms of the measurable para- 
meters of ellipticity. The best that can be done is to 
find, by an algebraic or graphical method, the values 
of thickness and refractive index which fit the 
observed data. Lucy!® has, however, succeeded in 
obtaining an explicit formula for thickness, applicable 
to films for which t<A; the treatment is more exact 
than Drude’s because fewer approximations are made. 
Lucy’s paper also contains a discussion of the practi- 
cal application of polarimetry to film measurement. 

Vasicek!® has thoroughly investigated the theoret- 
ical and experimental aspects of polarisation due to 
transparent films on glass. The general method of 
calculation, based on graphical interpolation, is 
complicated but becomes greatly simplified for certain 
values of angle of incidence or film thickness. For 
instance, Abelés® has shown that when the angle of 
incidence is such that the path difference in the film 
is A/4 an explicit expression is available, while the 
advantage of immersing the film in a medium of 
suitably chosen refractive index is described by 
Suhner?°, Vasicek*! has published a useful table 
giving the values of y and A against thickness for 
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Fig. 3. Polarimetric 
method for control of film 
thickness (described by A. 
Hermansen.) 

Legend: A, analyser; C, 
and C,, graduated circles; 
EaAg, evaporation source for 
silver; Epi, evaporation 
source for dielectric; K, 
compensator; Ox, eyepiece; 


P, polariser; S, shaft. Telescope 
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Glass Bell Jar 


by courtesy of Nature 


films of various refractive indices on a particular 
glass. The thickness range is 0-1,500 A. This table 
shows how the sensitivity of the polarimetric method 
varies with thickness and suggests that reasonable 
accuracy should be attainable down to 10 A. 

The analysis of films on metal bases is of great 
importance in the study of very thin films due to 
oxidation and corrosion. The polarimetric method is 
particularly appropriate in this field; its sensitivity 
and non-destructive nature allow the growth of the 
film to be followed and the simultaneous determina- 
tion of refractive index makes possible, in many cases, 
the identification of the film substance. A compre- 
hensive paper by Winterbottom”? contains historical, 
theoretical, and practical accounts of work to this end. 
Rothen and Hanson?* have derived a general formula 
relating polarisation parameters to thickness for 
transparent films of any thickness on metal surfaces 
and have confirmed it experimentally with films of 
barium stearate up to 40,000 A thick, using an 
‘ellipsometer’ described by Rothen* in an earlier 
paper. An interesting feature of this polarimeter is 
that a half-shade effect is achieved by first coating the 
metal surface with reference films, the film in one half 
of the field being about 50 A thicker than that in the 
other half. The films to be measured are then de- 
posited over both halves. 

While the advocated methods of deriving values of 
thickness from the polarimetric measurements vary 
widely, the experimental apparatus is almost 


standardised apart from variations in the type of 
compensator and in the half-shade devices. The 
essential parts are a plain spectrometer with a 
specimen holder in place of the prism, a light source 
with filters, a polariser, analyser, quarter-wave plate, 
and compensator. Most of the authors already cited 
give experimental details. In making measurements, 
the setting of the apparatus (e.g. the matching of the 
half-fields) is usually done visually but Archard, 
Clegg, and Taylor®®, among others, have studied the 
application of photoelectric cells. Clegg?® has used 
the photoelectric method for measuring the optical 
constants of metal films deposited by thermal 
evaporation, but not specifically for thickness 
measurement. 

It is evident that the polarimetric method is 
primarily a procedure for research, particularly on 
films of less than 1,000 A in thickness. It has, never- 
theless, been applied to the control of film thickness 
by Hermansen?’ (Fig. 3). The particular purpose of 
Hermansen’s scheme is to provide a measure of the 
thickness of a dielectric film being deposited by 
evaporation 7m vacuo over a silver film on a glass 
support, a stage in the preparation of a Fabry-Perot 
interference filter. The usual polarimetry apparatus 
—collimator, polariser, quarter-wave plate, half- 
shade plate, analyser, and telescope—is arranged 
outside the vacuum chamber so that the interference 
filter, being free of optical components, may be 
rotated to ensure uniformity of film thickness. A 
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curve is calculated, to relate film thickness with the 
phase difference A derived from the measurements of 
ellipticity. As the film in question is transparent this 
relationship is a periodic function and consequently 
the sensitivity varies periodically from zero to a 
maximum. However, by choosing a suitable angle of 
incidence the regions of very low sensitivity can be 
avoided. The maximum sensitivity, with a film of 
zinc sulphide, is 15 A per 1° change in A. 


INTERFEROMETRIC METHODS 


Under this heading are collected some of the 
methods in which measurement is made on inter- 
ference fringes. Interference is a phenomenon of 
_phase differences; when interference is induced by a 
film, the thickness of the film contributes to the phase 
difference in a direct and simple way, so that the 
optical thickness is easily calculated. 

The basic equation linking the optical thickness 
ut of a film with the order m and the wavelength 
A of maximum intensity of a bright transmission is : 


aut cosd + ma (5) 


For minimum intensity A’ of a dark fringe, the 
equation is : 


aut cosd + 6) 


where ) is the angle of refraction in the film and the 
terms ¢ and ¢’ are the sums of the transmission and 
reflection phase shifts (in angular measure) at the two 
boundaries of the film. The film itself must be 
transparent, so when it is bounded by transparent 
media ¢ and ¢’ are either zero or 1 (except for total 
internal reflection). When the film is in contact with 
mete] the ¢ terms depend on the nature of the metal 
and also, should the metal itself be a thin film, on the 
thickness of the metal. It is usually possible to devise 
an experimental procedure which avoids the necessity 
of determining ¢ or ¢’. 

Although the film which induces interference must 
be transparent, the determination of metal films is not 
ruled out: The metal film is arranged to form a 
* step ’ in one of the boundaries of an air film and the 
displacement of the fringes as they cross the edge of 


the ‘step’ is measured. 

Interference systems are of two types: ‘two- 
beam ’ systems and ‘ multiple-beam ’ systems. When 
the transparent film is bounded by transparent media 
the reflectivity of the two boundaries is very low 
compared with the reflectivity of metals. Reflection 
amplitudes at successive multiple reflections between 
the boundaries therefore decrease very rapidly and 
the intensity distribution in the resulting fringe 
system is almost entirely determined by the initial 
reflections at each boundary: only two beams are 
effective. Consequently the fringes of two-beam 
interference systems are not sharply defined either 
in intensity or in width (the intensity distribution 
follows a cos* law). When the transparent film is 
bounded on each side by a highly reflecting metal the 
number of effective multiple reflections contributing 
to the intensity at any one point in the fringe system 
is increased to perhaps sixty. The result is that not 
only has the multiple-beam fringe system a much 
greater contrast between maxima and minima but also 
the fringes are much more sharply defined. 


Two-Beam Systems 


Films of thickness of the order of one micron or 
less are too thin to form a set of fringes in mono- 
chromatic light by variation of @ (the angle of 
refraction), but by making A the variable, that is, by 
illuminating the film with white light and observing 
the reflected beam with a spectrometer, a series of 
dark bands can be seen (provided that the film is 
thick enough) at wavelengths corresponding to the 
values of A given by Equ.5 for successive orders. 
Methods based on the measurement of these dark 
bands have already been described under ‘ Photo- 
metric Methods ’. 

Another group of experimental methods is based 
on the idea of displacing a fringe system established 
by an interferometer by inserting the film to be 
measured in the path of one interfering beam. 
Fochs*s illuminated a Michelson interferometer with 
white light and viewed the fringes in a spectroscope. 
In this method the fringe shift is measured when the 
film is interposed in one of the optical arms of the 
interferometer and also when both the mirrors are 


| 


covered, with the film still in place. The data given 
by these two shift measurements enable both the 
thickness and refractive index of the film to be 
determined graphically. The method is primarily 
designed for the measurement of unsupported films 
or laminae such as mica plates. In an investigation 
of the colours of unbacked films of celluloid, Ménch?° 
measured the approximate thicknesses with a 
Haber-Léwe interferome- 
ter. This is simply a 
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30°, 60° 5’, 89° 55’ angles, and with it is associated a 
plane mirror. The prisms are oiled together to form 
a nearly equilateral prism and are held in a com- 
plicated jig which enables the relative positions of 
the half-prisms to be adjusted. The biprism acts as 
a beam-splitter and with its mirror it forms an 
interferometer similar to Michelson’s but with equal 
and parallel optical arms. The film to be 

determined (in Ménch’s 

work, an opaque metal film) 


Rayleigh interferometer in 
which the double slit is 
replaced by two narrow 


is deposited on one half of 
the mirror. Readers in- 
terested in this method are 


aluminised strips on the 
back of the collimating lens 
so that the fringe pattern 
is formed in the same plane 
as the light-source slit. 
The latter is set slightly 
off the optical axis to avoid 
coincidence of the fringes 
and the source slit. The 
celluloid film is placed near 
the collimating lens so that w 
only the light passing to C 


> 


referred to the original 
paper for fuller details, 
with the warning that 
Mé6nch himself found it 
difficult to procure a 
KGsters prism of sufficient 
accuracy. 

In describing improve- 
ments of Ménch’s applica- 
tion of the Késters prism, 
Zorll*! mentions the use of 
tepeated printing-off on 


and from part of the length 
of one ‘mirror slit’ traverses 
the film. The displace- 


SSS 


ttf 


high-contrast plates for 
improving the sharpness of 
a photographic image of 


ment f of the fringe 
system (expressed as a 


A—1 

This is not intended to be a precise method and it is 
clear that in any method where the fringe shift is due 
to the insertion of a solid film into an air space the 
sensitivity cannot be great when the refractive index 
of the film does not differ greatly from unity. 

A Késters prism has also been used by Ménch*?. 
This is a special biprism of which the two halves have 
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two-beam fringes. 


fraction of the distance Fig. 4. Preparation of film for thickness measure- Multiple-Beam 
between fringes) due to mE? by oo interferometry (developed by Systems 
LO0laNSRY. 

the extra path difference film film support; The use of multiple- 
opaque silver coating; semi-transparent : 
introduced by the film is silver film on optical flat. ’ beam interferometry in the 
related to the film thick- study of surface topo- 
ness by the equation graphy has been very fully 

(7) investigated by Tolansky** and his co-workers. For 


the measurement of film thickness by a multiple-beam 
method the specimen film is deposited on part of the 
surface of a glass plate in such a way that a straight 
sharp edge of the film runs across the plate (an 
alternative method is to chisel out a narrow channel 
in the specimen film). The film and the bare glass 
are then covered by an opaque layer of silver de- 
posited by the high vacuum process. The outer 
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surface of the silver coating so deposited has a profile 
which exactly reproduces the ‘ step’ formed by the 
specimen film on the glass. An optical flat is silvered 
to give a transmission of about 1°/, and its silvered 
surface lightly pressed against the silvered specimen 
surface. The two silvered surfaces, separated by an 
air film of 1-10 microns in thickness, form an inter- 
ferometer (Fig. 4) and with it a fringe pattern may be 
obtained in which the ‘ step’ in the specimen film is 
represented by a corresponding displacement of the 
fringes. The essence of the method is that since the 
reflecting surfaces have a very high reflectivity (94°, 
or greater) the dark fringes seen in the reflected beam 
are extremely narrow and their displacement can be 
accurately measured. 

There is a choice of two fringe systems, the 
multiple-beam Fizeau system and the fringes of equal 
chromatic order. Measurements on Fizeau-type 
fringes require only a microscope with measuring eye- 
piece or camera; for the fringes of equal chromatic 
order a spectroscope is needed in addition to a good 
optical system but greater precision is attainable. 

To form multiple-beam Fizeau fringes the optical 
flat is very slightly tilted to make a wedge-shaped air 
gap; this is illuminated through some form of 
vertical illuminator with a parallel monochromatic 
beam at normal incidence, and the reflected beam is 
observed with a low-power microscope. Almost 
straight dark fringes, following loci of equal air- 
gap thickness, are seen. It is easy to show that 
the difference in air-gap spacing for two adjacent 
fringes is A/2, so that the displacement of any fringe 
measured as a fraction of the fringe spacing gives the 
thickness of the specimen in units of 4/2. 

Tolansky** (ch. IT) gives detailed considerations of 
the various factors affecting fringe width and the 
consequent accuracy of readings : reflectivity of the 
silver films must be as high as possible, the separation 
between the optical flat and the specimen must be as 
small as possible, and the illuminating beam parallel 
within 1°-3°. Heavens** has investigated the effect 
on accuracy of the irregularities in fringes due to 
surface imperfections and concludes that a wedge 
angle giving from 10 fringes/cm. to 50 fringes/cm, 
according to film thickness, affords a reasonable 


compromise between straightness and dispersion of 
the fringes. 

It would, of course, be possible to coat the specimen 
with a semi-transparent silver film instead of an 
opaque one, and to observe the stepped fringes in the 
transmitted beam, as was done by Gunn and Scott*4, 
but there is a serious objection to this method*» *¢ ; 
the reflection phase changes may not be equal for the 
two sections of the silver film overlying (a) the 
specimen film and (6) the bare support. This 
inequality adds an unknown factor to the relation 
between specimen thickness and fringe displacement. 

If the monochromatic illuminating source used for 
the Fizeau system is replaced by a white source and 
the light which is reflected from the region of inter- 
ference dispersed in a prism spectrometer (Fig. 5), 
dark fringes are seen in an otherwise continuous 
spectrum. These are Tolansky’s ‘ fringes of equal 
chromatic order’. They are localised in the air gap 
between the silve red specimen and the silvered optical 
flat and they are :herefore in focus when the plane of 
the gap is focv sed on the spectrometer slit. The 
position of each fringe, measured on the wavelength 
scale of the spectrometer, indicates the value of 2T/m 
(where T is the width of the air gap and m is the order 
of that fringe) along a line in the air gap which is the 
projection of the spectrometer slit. Where this line 
crosses the boundary of the specimen film there is, of 
course, a step in the spacing T and a corresponding 
displacement occurs in all the fringes. For normal 
incidence this displacement 6A is related to the film 
thickness t by the equation 

5A 
The order m must be determined : it is given by the 
expression A,/(A,-A,) where A, is the wavelength of the 
fringe to which m refers, and A, is the neighbouring 
fringe on the short-wavelength side. Tolansky (Joc. 
cit.) gives other methods for calculating the height of 
steps from the fringe displacement. 

In deriving the expressions for t and m, the term 
Ad is assumed to be zero or invariable. The 
approximation is close enough for practical purposes, 
especially at high orders of interference, but Schulz®® 
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should be read on this point. 

Fringes of equal chromatic order can be made 
narrower than Fizeau-type fringes and the accuracy 
of thickness measurement is consequently higher. 
Several factors contribute to secure this advantage 
for white light fringes : a high-intensity white-light 
source can be used so that the semi-transparent silver 
coating on the flat can be made more highly reflecting ; 
the wedge angle of the air gap can be reduced to zero, 
so removing the ‘de-phasing’ effect of multiple 
reflections in a wedge (Tolansky, Joc. cit., p. 14; 
Brossel®’); accurate and direct measurement is 
provided if the spectrometer is fitted with a wave- 
drum. Scott, McLauchlan, and Sennett** give a 
good description of the experimental details of this 
method of measurement; they advocate the use of 
first or second order fringes for the sake of the larger 
displacements at low orders. 

The relation of the thickness values obtained by 
multiple beam interferometry to the ‘true’ thick- 
nesses of vacuum-deposited films when the films are 
known to have a porous or aggregated structure has 
received a good deal of attention. A revealing series 
of experiments by Donaldson and Khamsavi* 
proved that the ‘ apparent thickness ’ of a silver film 
as measured by multiple beam interferometry is that 
which the film would have if it were compressed to a 
film having the bulk density of silver. In other words, 
the method gives the ‘ bulk thickness ’. These results 


were obtained with silver as the opaque coating layer 
on the specimen film and it has been suggested that 
this coating penetrates the interstices of the specimen 
film. When Avery*® made comparative measure- 
ments with chromium coatings and silver coatings on 
silver specimens he found that the chromium coatings 
gave markedly higher thickness values, though 
Heavens** has not been able to confirm this. Scott 
et al. also discuss this point but it must be said that 
their use of the term ‘ true thickness ’ appears to the 
writer to be inconsistent with the meaning given to 
it by other authors. 


Colours of Thin Films 


A few words must be spared for the hard-worked 
method of estimation and control depending on the 
reflection colours of films. It is used wherever anti- 
reflection films are made and, for that purpose, the 
accuracy is adequate. The familiar purple of the 
quarter-wave low refractive index film or half-wave 
high-refractive index film is a ‘ sensitive colour ’, that 
is, it changes hue rapidly as the optical thickness 
increases through the appropriate value. Kubota‘? 
has calculated the interference colours of thin films 
and has demonstrated the interesting fact that other 
colours than purple can be made sensitive by suitably 
filtering the incident light. Thus with a white source 
and a yellow filter having a sharp ‘ cut’ at 550 mu 
the colour reflected from a film changes quickly from 
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Fig. 5. Apparatus 
for producing fringes 
of equal chromatic 
order (designed by 
McLauchlan, R. S. 
Sennett.) 
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yellow to orange in the neighbourhood of 140 my 
optical thickness. In later papers Kubota*!*? 
extends the investigation to include oblique incidence 
and multilayers and considers the effect of dispersion 
and multiple reflection. The writer understands that 
Professor Kubota is now working on the more 
difficult problem of colours of films on metal 
surfaces. 

In comparison with most of the work described 
here, the interference colour tables for thin laminae 
are of ancient origin but they have been brought up 
to date by Ménch**. The purpose of these tables is 
to enable the thickness of unsupported laminae of 
refraction index 1.47 and 1.50 to be estimated simply 
by observing the reflected colour. Although the 
cycle of colours is not repeated exactly for successive 
orders of interference it is not possible to describe in 
simple terms the difference between similar colours 
differing by one order, and it is therefore necessary 
to know the approximate thickness before using the 
colour table. Ménch used the Haber-Loéwe inter- 
ferometer for this purpose. 

Before leaving the subject of optical measurements, 
an application of the Schmaltz light-slit microscope 
deserves mention. In an improved form due to 
Tolansky** it has been used by Rahbek and Omar*4 
to measure supported and unsupported films, mostly 
greater than 1 micron in thickness. This device 
(which, incidently, does not depend on interference) 
gives two images of a slit by reflection, one from each 
surface of the film; from the separation of the images 
(viewed at up to x 2,000 magnification) the value of 
t/u can be calculated. Since the value of pt can be 
measured by other means, both t and y can be 
determined. 


Accurate Control by Interferometry 


Fabry-Perot interference filters are narrow-band 
filters composed of two semi-transparent silver films 
separated by a transparent film: the thickness of 
this transparent film must be closely controlled if 
the filter is to transmit a chosen wavelength. A 
method devised by Greenland and Billington* 
establishes multiple-beam interference within the 
transparent film during its deposition so that dark 
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fringes similar to the fringes of equal chromatic 
order (though not so narrow) may be observed 
spectroscopically and so may give accurate in- 
formation on the growth of the film. The two 
surfaces of high reflectivity necessary to this scheme 
are the first silver layer of the filter, already 
deposited, and the growing surface of the transparent 
film with the rays incident under the condition of 
total internal reflection. This condition is secured 
by introducing the Uluminating beam through a 
45° — 90° — 45° prism oiled to the back of the glass 
filter base. The relationship between the wavelength 
of an absorption band thus seen by reflection and that 
of the corresponding transmission band of the 
completed filter is determined empirically. Dufour*® 
has improved the optical system. The method 
enables transmission bands to be placed within 
+ 20 A; this is equivalent to an accuracy in film 
thickness control of 0.4%. 


X-RAY ABSORPTION AND RADIOACTIVE 
TRACER METHODS 


When the surface of a crystalline substance is 
coated with a film, X-rays reflected from the material 
under the film are absorbed to a measurable degree, 
especially if the Bragg angle of reflection @ is small. 
If I, and I are the incident and reflected intensities, a 
the mass absorption coefficient of the film, p its 
density and t its thickness, then t is given by 

This method has been used by Friedman and B'rks,#” 
particularly for gauging the thickness of gold elec- 
trodes on quartz oscillator plates in the range 0.01 
micron to 2 microns. The X-ray beam intensities 
were measured with a Geiger counter spectrometer. 
Legrand** has overcome the difficulty of maintaining 
constant tube output throughout the measurement 
by measuring the ratios of the intensities of two beams 
reflected at different angles, first from the bare base, 
then from the filmed base. 

Eisenstein’? has calculated the relation of film 
thickness to the energy ratio of selected reflections 
from a crystalline base and a crystalline surface film 
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and has used this method for determining metal-on- 
metal and metal oxide-on-metal films. Intensity 
measurements are made photographically, using a 
microphotometer to measure the density of the 
diffraction line images. 

Radioactive tracer technique has been applied to 
film thickness estimation by Antal and Weber*® in a 
research on very thin bismuth films. Radioactive 
Bi?!° was evaporated in the normal way and the 
activity of the film measured with a Geiger-Mueller 
counter. A thicker film (about 300 A thick) was 
deposited immediately afterwards; its ‘ count’ was 
taken and it was then weighed. From the ratio of the 
counts the weight of bismuth in the specimen film was 
calculated. To assign actual values of thickness it 
was, of course, necessary to make assumptions about 
the density of thin. bismuth films. Radioactive 
antimony has also been employed*, the activity of the 
films being in this case registered photographically. 


CONTROL BY ELECTRICAL METHODS 


The resistance of a metallic film on a non- 
conducting base is easy to measure, even during the 
deposition of the film. In vacuum deposition 
processes the indication of thickness by resistance 
measurement is consequently in common _ use, 


although the accuracy of control is sometimes 
disappointingly low. It is generally agreed that to 
ensure reasonable constancy of the resistance- 
thickness relationship for any particular metal, all the 
conditions which affect the structure of the film, and 
especially the state of the supporting surface and the 
vacuum conditions, must be under close control. A 
marked change in resistance usually occurs during the 
first few minutes after deposition and a slower rate of 
change may persist indefinitely. The magnitude of 
this instability depends greatly on the rate of 
deposition of the film and on the temperature of the 
substrate. A short review of these properties is given 
in an article by Holland’. 

As the thickness of a film increases, the resistance 
remains infinite until some critical thickness is 
reached—Dunoyer®? gives 9 A for aluminium but 
typical values may be much higher if aggregation is 
accentuated by deposition on a hot substrate. 

The practical means for applying this method will 
be obvious, but a little difficulty is sometimes 
experienced in making contact with the film. A good 
way is to provide the film support with electrodes 
substantial enough to enable leads to be soldered or 
clipped to them but without edges likely to give rise 
to penumbral effects. The specimen film is then 
deposited so that its ends overlap the electrodes. 
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Fired-on gold reduced from colloidal suspension can 
be made sufficiently permanent to allow silver films 
to be deposited and removed as many as 100 times. 

Finally, a method of measurement and control 
described by Dudding** is worthy of mention. It is 
based on the change which occurs in the frequency of 
an oscillating circuit when a metallic film near the 
inductance coil changes in thickness (Fig. 6). For 
film measurement the coil is first held away from the 
film and the frequency of the oscillator adjusted by 
means of a variable capacitor to give zero beat- 
frequency with a fixed-frequency oscillator. Then 


e 


the coil is brought close up to the film and the 
capacitor again set to give zero beat frequency. The 
change in the capacitor setting is a measure of the film 
thickness. To give the actual thickness, the capacitor 
has to be calibrated with films of known thickness. 
When this method is used for controlling the alumin- 
ising of cathode ray tube screens the inductance coil 
is mounted on the outside surface of the screen 
before aluminising and the capacitor set to a pre- 
determined value. As the metallising proceeds the 
audible beat note falls and deposition is stopped, by 
relay if required, when the beat disappears. 
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Summary 


MULTILAYERS OF alternate high and low refractive index 
quarter-wave films can be produced to give reflecting co- 
efficients ranging from 0.31 to 0.97. These have very 
low absorptions and have been adapted to use for multiple 
beam interferometry, especially for reflection fringes. The 
advantages are enumerated and discussed. The experi- 
mental production of the multilayers is reviewed. 
Applications to interferometry are illustrated with various 
examples employing low and high reflectivities. Lines of 
investigation for securing future improvements are 
indicated. 


Sommaire 


DES COUCHES MULTIPLES, alternant des couches minces 
quart d’onde a indices de refraction élevés et bas, peuvent 
étre produites pour obtenir des coefficients de réflexion 
allant de 0.31 a 0.97. Les couches ont une absorption 
trés faible et ont été adaptées a l’interferométrie a rayons 
multiples, specialement pour les franges ae réflexions. 
Les avantages sont énumérés et discutés. La production 
expérimentale des couches multiples est traitée. Les 
applications en intérferométrie sont illustrées par divers 
exemples utilisant des réflexions élevées et faibles. Les 
recherches en vue d’ameliorations futures sont indiquées 
dans les grandes lignes. 


INTRODUCTION 


IN A PREVIOUS CONTRIBUTION to this journal (Vacuum, 
1, April 1951, 75) a review was given of the influence 
of vacuum techniques on multiple-beam inter- 
ferometry. That discussion was mainly devoted to 
the consideration of the production of silver films by 
either cathode sputtering or by thermal evaporation 
processes, and to their applications to interferometry. 
Optical aspects were hardly discussed, in fact being 
considered only in so far as the properties of the 
metal films were involved. In particular the effect of 
the reflecting and the absorption coefficients were 
reviewed. 

It was pointed out that the sharpness and precision 
of transmission multiple-beam fringes was primarily 
dependent upon the reflecting coefficients of the silver 
films. The only effect of absorption on transmission 
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fringes being to reduce the overall intensity and thus 
increase the exposure. In fact this is usually of little 
consequence when a correct technique is employed. 
The correct set-up with multiple-beam interfer- 
ometry requires that the two surfaces producing the 
fringes should be very close together, at most several 
light waves apart. Amongst many other advantages, 
one consequence is that the chromatic resolving 
power of the system is so low that broad spectrum 
lines can be used which in turn permits the use of an 
intense hot high-pressure mercury lamp without 
leading to detectable fringe broadening. Such 
sources are so brilliant that even quite considerable 
absorption in the silver film need not lead to photo- 
graphic exposurcs of undue length. 

Now, within recent years there has been a consider- 
able further extension of the application of multiple- 
beam interference to opaque bodies. Indeed, this use 
of fringes in reflection is obviously in general the more 
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important technique because it can be used equally 
well both on transparent and opaque bodiés. The 
vast fields of surface studies associated with metal- 
lurgy, metal crystal physics, opaque crystals such as 
silicon carbide or irregular minerals, machine finish, 
polish of technological surfaces, etc., are but a few of 
the fields, on which reflection multiple-beam 
interferometry is already beginning to encroach. 

The development of the use of reflection fringes of 
a sharpness and precision comparable with those 
relatively easily obtained in transmission, has 
required the solution of a number of problems. 
These have depended upon whether high or low 
magnification is to be used. The particular optical 
considerations for these two cases will be referred to 
later, but common to all reflection interference studies 
is the one basic feature, namely the influence of the 
absorption coefficient of the silver films. Although 
silver films have been in use for over 50 years for the 
improvement of interference fringes, attention had 
invariably, in the past, been concentrated on the 
reflectivity attainable. The fundamental importance 
of the absorption coefficient in determining the quality 
of the reflection fringes was completely overlooked 
until I drew attention to this in 1946. 

An analysis of the optical conditions readily showed 
that with reflection fringes the fringe visibility is 
determined, not by the reflectivity, but only by the 
absorption. Experience showed that for silver the 
absorption depended critically upon purity conditions 
in the vacuum system. With a really good silver 
depositing technique the absorption at a reflectivity 
of 0.75 can be kept as low as 0.03. At a reflectivity 
0.90 it is extremely difficult to produce an absorp- 
tion lower than 0.05, although some workers have 
indeed claimed to achieve the low value of 0.026. In 
my own case, about the best figures found for silver 
with an oil diffusion pumping system have been 
a reflectivity 0.94, an absorption 0.05 and a trans- 
mission 0.01. This requires a silver film thickness 
of the order of 500 A thick. Any increase in thickness 
beyond this point merely leads to an extremely rapid 
fall in intensity (7.e. reduction in transmission) for a 
negligible gain in reflectivity. 

The importance of this to the visibility of reflection 
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fringes is profound. For, the net effect of the 
absorption is to make the fringes appear as if they 
were diluted by a continuous background. One has 
the choice of broad fringes easily seen and of good 
contrast, secured with low reflectivities, or sharp 
fringes hardly visible and of very poor contrast, 
secured with high reflectivities. Thus, some measured 
judgment is called for in striking a balance. 

To adopt some measure of the dilution use will be 
made of the concept of contrast factor which is 
favoured by French investigators to describe the 
contrast in transmission fringes. The contrast C is 
defined as I.../Imin in which I,,,, is the peak 
intensity of the fringes and I,,;,, is the intensity half 
way between orders. We shall use the reciprocal 
D=(Inin/Imax) 100 as a percentage measure 
of the degree of dilution. Clearly if the fringe 
minimum is zero, then there is no dilution, and, if the 
fringes have no effective visibility such that the fringe 
minima cannot be distinguished from the maxima, 
then we have 100°, dilution. From the data given 
for silver in the former article we get 


R_ | 0.70} 0.75| 0.80} 0.85] 0.90| 0.94 


D% | 0.7 | 1 


The significance of these dilution figures may be 
more readily appreciated if they are compared with 
the Rayleigh criterion for resolution of two images as 
they approach to form a saddle-back shaped intensity 
distribution. These are just resolvable by the eye if 
the intensity dip in the saddle between them is not 
less than 20% of the height of the maxima on either 
side. In terms of our dilution factor this means that 
the limit of resolution takes place at a dilution of 
80%. Any dilution above. this leads to failure in 
resolution. Thus it will be clear that in fact the 
reflection fringes given with silver of reflectivity 0.94 
since they have a dilution of 73°, are effectively very 
close to the limit of complete invisibility. It needs a 
very slight increase in absorption due to atmospheric 
ageing to destroy this last vestige of visibility 
completely. 

It is clear from the rapid increase in D as R 
increases, that the effect of absorption is to produce a 
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rapid deterioration in clarity and visibility as R begins 
to approach 0.90. 

Now, the matter is complicated by four further 
factors. The first is that no matter how good a silver 
film may be made, such a film invariably rapidly 
deteriorates with ageing when exposed to the 
atmosphere, and in a short time the absorption has 
increased appreciably. It is, in fact, quite certain that 
any very low reported absorption values refer either 
to films still within the vacuum or else freshly brought 
out, and such films will rapidly deteriorate. The 
second feature is the notorious experimental variation 
for absorption, particularly when silver films are 
deposited on crystal or metal surfaces which cannot 
be subjected to rough cleaning treatments because 
of fear of damaging the very surface to be examined. 
The importance of this cannot be over-estimated. It 
is re-emphasized that the high quality mirrors, 
obtainable on thoroughly cleaned glass (for, say, 
Fabry-Perot interferometers) cannot, by any means, 
always be obtained on, say, a metal or a crystal which 
may be continuously slowly degassing or which may 
have firmly bound contamination films, perhaps only 
a few molecules thick, yet sufficient to affect the 
absorption of the silver film profoundly through 
chemical or physical action. It should be remembered 
that the whole silver film is only perhaps 100 atoms 
or so thick, and it requires little contamination to 
affect so thin a film. Thus multiple-beam inter- 
ference studies are here often at a very real disadvan- 
tage when compared with interference systems using 
glass or quartz only, such as in the Fabry-Perot 

interferometer and this is really only appreciated by 
those who have had occasion to study the topo- 
graphies of ‘ difficult ’ surfaces. 

A third complication is the fact that the absorption 
of silver is anomalously high for lower reflectivities. 

In multiple-beam techniques it is desirable to have 
the same reflectivities on the two faces involved in the 
interference. If one wishes to examine, say, a steel 
with a reflectivity of 0.40 then it is desirable to have 
a reasonably closely similar (possibly higher) value 
on the silvered flat. But such a silver mirror has an 
unusually high absorption, as is well established, and 
the fringes are very often quite disappointing. (It 


may be mentioned here that the invariably high 
absorption of aluminium films usually makes them 
relatively inefficient and their use is not advised.) 

There exists, in reflection interferometry a fourth 
complication, particularly noticeable at the lower 
reflectivities. One finds that the dark reflection 
fringes are bordered on one side with a peculiar 
bright edge. The mathematical analysis of the origin 
of this has been carried through in this laboratory by 
Holden. The effect is quite marked under some 
conditions. The intensity within the fringe system 
falls down to a minimum and then rises to a value 
considerably above the expected maximum. 

This long familiar feature can be disconcerting and 
can affect local accuracy of measurement of fringe 
displacements. It varies in degree, position and 
extent when one moves across a fringe field if the 
wedge angle between surfaces is (interferometrically) 
large. Holden established that the origin of this lay 
in the anomalous phase change suffered by the first 
reflected beam. It will be seen that in transmission 
fringes all the emerging beams have passed through 
each silver film once. In reflection each beam other 
than the first passes through the first silver film twice, 
in opposite directions. The first beam is anomalous 
in that it is only reflected at the first silver film and 
geometrically does not pass right through it. Now, 
there is a phase change both at reflection and at 
transmission through a thin silver film and the 
considerable differential effect of these phenomena 
leads to the phase anomaly in the first beam which 
produces the peculiar observed hump of intensity. 

The effect practically vanishes when the higher 
reflectivities are used. 

Now, if one could always use the very highest 
reflectivities not only would this effect be eliminated, 
but further, narrow fringes would always result. 
There are numerous occasions when it is not only 
desirable but also necessary to rely on the relatively 
low reflectivity of a given surface, without depositing: 
silver on it. Thus, for example, cases have already 
been found where the deposit of silver on a metal may 
lead to alloy effects. Then again, there are experi- 
ments where it is of real interest to examine the finish 
on a metal directly after processing. Again, some 
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interferometric techniques involve corrosive liquids 
films which would attack silver. Thus in fact the 
silver on the matching flat may, and indeed often 
must be, of relatively low reflectivity and the effects 
of Fig. 4 are then inevitable. 

Thus, on consideration of the many factors involved 
it will be appreciated that there has emerged an 
urgent need for a highly reflecting film with as low an 
absorption as possible consistent with as high a 
reflectivity as possible. This condition is, in fact, 
met by the high-low refractive index multiple di- 
electric films which have now been developed and in 
succeeding sections their properties, production and 
application will be considered. It is self-evident that 
unless such films are superior to silver they will 
hardly justify elaboration. It will, in fact, be shown 
that such films are indeed superior to silver in very 
many respects. They have undoubtedly opened up a 
new field for precision interferometry and this is the 
main justification for the appearance of this report. 

It will suffice to point out at this stage that it is 
possible to obtain with multilayers a reflectivity of 
0.94 with the remarkably low absorption of only 0.01. 
The fringe dilution for these figures is only 2.6% 
whilst for the corresponding reflectivity with silver 
the dilution is 73°;,. The remarkable advantage of 
the multilayer film is at once apparent and it will 
clearly be expected to produce reflection fringes of 
very crisp quality and fire contrast. 


OPTICAL ADVANTAGES OF THE 
MULTILAYERS 


High Reflectivity 

The development of the multilayers for ¢rans- 
mission interferometry was largely carried out in the 
first instance by Dufour and Jacquinot. These 
authors have kindly placed their experience at our 
disposal by personal contact and we have effectively 
adopted their techniques and adapted them to special 
interference problems, particularly those associated 
with reflection interferometry. ’ 

The multilayers have evolved from the technique 
of anti-reflection blooming and a brief outline of the 
basic principles will be reviewed. The reflecting cc- 
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efficient at an interface between two media of 
refractive indices n, and n, is given by the Fresnel 
equation R = (n,-n,)?/(n, +n,)*. Ifthe medium 
from which the light first comes has a lower index 
than the second medium the light suffers a phase 
change equal to a half wave retardation. 

Suppose a thin layer, thickness t, of a transparent 
dielectric n, be deposited upon a glass substrate n, 
then a portion of the light is reflected from the two 
boundaries (a) air—> upper surface of layer and (b) 
lower surface of layer —> glass. If the refractive 
index of the layer is less than that of glass then 
symmetry conditions clearly show that the interface 
phase effects are the same in both beams. The two 
beams have an optical path difference 2n,t. 

If we consider monochromatic light only, of wave- 
length A, then if the optical thickness n,t be made A,/4, 
the two beams will have a half wave retardation and 
interfere. 

It is readily shown to a first approximation, if 
multiple reflections be neglected, that the reflectivities 
for the two interfaces (a) and (b) above are equal when 
n3=n,n;. In this n, is the index for air and can be 
taken as unity, from which it follows that there will 
be complete destruction of reflection by interference 
if the refractive index of the layer, n,, is the square 
root of that of the glass, n,. Taking n,=1.500 gives 
n,=1.225. It has not been possible to find a suitable 
material to give this value, the closest approach being 
the sodium aluminium fluoride (cryolite) which has 
n.=1.36. Ifa quarter wave layer be deposited on 
glass this gives an anti-reflection surface, reducing 
the reflectivity from the normal value of 0.04 to that 
of 0.01 but only in a reasonably narrow wavelength 
band, for clearly at wavelengths other than A, the A/4 
condition no longer obtains for a given layer 
metrical thickness t. In fact the dispersion change of 
n, With A is in such a direction as to make matters 
even worse in that n, increases as A diminishes. 

By a complementary arrangement to the anti- 
reflection mechanism it is clear that reflectivity can 
be enhanced if instead of depositing a quarter-wave 
film of lower index on glass, we deposit a quarter- 
wave film of higher index than the glass. Here the 
feature which affects the reflection is the fact that now 


- 
oO 1 
34 
: 
| 
| 


S. TOLANSKY 


an interface phase difference of A/2 intervenes in 
comparing the reflection from (a) air-layer interface 
with (b) layer interface-glass, for in the latter case 
only does the light enter from a higher index to a 
lower index region. Thus a A/4 film, because of the 
additional phase intervention of )/2 leads to integral 
wave path difference and this reinforces the light 
instead of producing destructive interference. The 
higher the index of the film n,, the better the 
reflectivity. A suitable material has been found in 
zinc sulphide with n,=2.37. Deposition of a single 
layer of optical thickness A/4 leads to an increase of 
glass reflectivity from 0.04 to 0.31 for that particular 
wavelength, falling off on either side of this wave- 
length. Now, effectively, the absorption of such a 
thin dielectric film is very small indeed and almost 
the whole residue of 69°/, passes on through the glass. 
It is immediately obvious that the scheme of en- 
hancing reflectivity through the light first meeting a 
high then a low index, can again be repeated on the 
residue of the transmitted 69%. For, if we permit 
the light to meet a high index H and then a low index 
ilm L instead of the glass as before, this combination 


gives a high reflectivity and we can again allow the 
light once more to meet another film of high index H 
and then the glass g, and again obtain back a high 
proportion of the initially transmitted 69°. Clearly 
this mechanism can be repeated theoretically a 


number of times. We can describe the simple 
enhanced reflector with one film as H.g the second 
case as HL H.g, the third as HL. HL H.g and so on. 
Various methods have been developed for calculating 
the effective reflectivities for these combinations both 
for odd and even numbers of films. For it can also 
be shown that HL.g, and HL. HL.g, etc., also lead 
to enhanced reflectivity. 

The various methods of calculations agree in giving 
the effective reflectivities as increasing in a regular 
manner with the number of films, rapidly rising to 
approach 1.00, and of course the numerical values 
depending on the values of the different refractive 
indices. For glass (n=1.5) and using respectively 
zinc sulphide and cryolite the calculated reflectivities 
R for the odd multiples of total number of layers, 
with zinc sulphide in contact with glass, are 


Layers 1 7 9 


R 0.31} 0.67] 0.87] 0.94| 0.97 


The even numbers of layers lead to intermediate 
reflectivities. Thus a range of from 1 to 9 layers 
gives a satisfactory, well spaced, group of reflectivities. 

Now in comparing these with silver, 3 features 
emerge as follows : 

(1) The best silver reflectivities in the red can 
nearly equal these multilayer reflectivities, so that 
from this point of view the multilayers have not a very 
great deal to offer especially when it is recognised that 
they involve a good deal of additional difficulty in 
production. Only the 9 layers are really superior to 
silver in the green, perhaps by 2 or 3%. This small 
improvement in reflectivity is however by no means 
to be disregarded. Fringe sharpness with multiple- 
beams can be shown to be determined by the value 
F=m7R?/(1—R), the coefficient of finesse, the 
reciprocal of which is the fraction of an order 
occupied by a half-width of a fringe. For high 
reflectivities F is, closely enough, 3/(I—R). For 
R=0.94, F is 50, but for R = 0.97, F has the value 
100. The mere 3° increase in reflectivity in this 
upper range has actually doubled the resolving power 
by halving the fringe width. 

Hence the first conclusion is that the theoretical 
resolution can be doubled even in the green region 
(which is desirable because of the available intense 
mercury green line) when a nine-layer multifilm 
replaces silver. Whether in fact a true doubling is 
attainable is doubtful for there is always some 
experimental uncertainty in attempting to put down 
the layers of the correct thickness A/4, and deviations 
reduce the maximum reflectivity attainable. 

(2) The second very valuable conclusion to be 
derived from the reflectivity data depends on the fact 
that the calculated reflectivities do not explicitly 
involve the wavelength. It is one of the drawbacks 
of silver that the inherent reflectivity of solid silver 
falls steadily with wavelength, having dropped to 
something of the order of 0.80 at 4,000A and then 
sweeping down rapidly to as low as 0.04 at about 
3,000A. Contrary to this the multilayer reflectivities 


do not involve the wavelength except indirectly. 
Attention has been already drawn to the fact that the 
multilayers strictly operate as such only for that one 
wavelength A, of which the layer thickness is one 
quarter. The reflectivity is therefore wavelength- 
specific. To produce a high reflectivity for any 
particular wavelength A the layer thickness need only 
be selected so that ntisA/4. It follows therefore that 
equally high reflectivities can now readily be obtained 
for, say wavelength 4,000 which are as good as those 
at, say, wavelength 6,000. This is a most important 
advantage, leading to a real increase in resolution for 
the following reason. Let us suppose that the attain- 
able coefficient of finesse is 100 at both wavelengths. 
Fringe width is this one hundredth part of A/2. For 
6,000 A fringe width is then 30 A whilst for 4,000 A 
itis 20 A. In other words a given fraction of an order 
corresponds to a 50°% less metrical distance in the 
blue than in the red. There is thus a 50% gain in the 
smallness of the detail which can be measured or 
detected merely through the use of a smaller unit of 
measurement, 7.e., a shorter light wave. 

It is well worth conducting intensive search for 
suitable materials transparent in the ultra-violet for 
here we have, for the first time, an indication of the 
possibility of a considerable improvement in the limit 
of sensitivity of multiple-beam interferometry. The 
high reflectivity as indicated may already offer a 
factor of 2 on existing fringe sharpness. If, in 
addition, it is possible to work at 2,000 A then the 
combination of the two factors, higher reflectivity and 
shorter wavelength, may well lead to an improvement 
by a factor of as much as, say, 5 times on existing 
limits of measurement. 

(3) An interesting property of multilayers of some 
value is the existence of higher orders. It is clear 
that a film which is highly reflecting at a thickness 
\/4 is anti-reflecting at a thickness A/2, then again a 
second-order highly reflecting film obtains a thick- 
ness 3 A/4, and so on for successive quarter waves. 
Both calculation and observation show that the 
higher-order layers have a sharper wavelength 
selectivity and a particular use for this will be 
described later. Again since A/4 can be written 
3(A/3)/4 it follows that a multilayer of such thickness 
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to be first order to a wavelength A is at the same time 
second order to a wavelength A/3. This could well 
be made use of if material be obtained which will 
transmit at, say, 2,000A. For then it is only 
necessary to make a normal first-order multilayer for 
6,000 A and this will be automatically a second-order 
layer for 2,000 A. Thus the relative ease of operating 
in the visible region can be used, to make a second- 
order layer for the experimentally much more 
difficult ultra-violet. 

Second-order films can, of course, be made directly 
in the visible in that a visible second order, say, at 
5,000 A, corresponds to an infra-red first order at 
wavelength 1.5. It is a second order of such a type 
which we have used for a specific optical purpose 
which will be described later. Its reflectivity 
maximum is no different from that of a first order at 
5,000 A but the chromaticity is different, 7.e. the peak 
is sharper on a wavelength scale and the fall-off in 
reflectivity with wavelength is accentuated in 
comparison with that of the first order. 


Low Absorption 


The discussion has largely been concerned with the 
high reflectivities attainable, but there remains to be 
considered the more important aspect from the view- 
point of reflection interferometry, namely, the low 
absorption of the films. A priori, since both cryolite 
and zinc sulphide, when in the form of thin plates, are 
relatively colourless transparent dielectrics, it might 
well be anticipated that thin films a quarter wave 
thick, would have very slight absorption. This is 
indeed the case. In fact so low is the absorption of 
any one film that its measurement presents a matter 
of difficulty. 

There appears to be as yet no certainty concerning 
the published data for absorption. Jacquinot and 
Dufour give curves which show a linear increase of 
absorption from 6,000 to 4,000 A. It would appear 
that in the green their 5-layer film has an absorption 
below 0.01 increasing to perhaps 0.04 at 4,000 A and 
decreasing below 0.01 as the red is approached. 
Polster has reported absorption of less than 0.01 for 
a seven-layer film. We have not made direct 
absorption measurements in our laboratory but can 
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confirm from the visibilities of the reflection fringes 
that a seven-layer film cannot have an absorption 
greater than about 0.01. 

A similar figure has been given by other workers 
and it has been reported, too, that a nine-layer film 
has the predicted 0.97 reflectivity and an absorption 
of 0.02. The absorption in a multilayer film appears 
to arise mainly as absorption in the zinc sulphide and 
not in the cryolite. It seems to be sensitive to purity, 
to vacuum conditions and to the rate of deposition. 
It might well be that more careful selection of 
materials, more attention to shielding of the filaments 
bearing the materials, and a more detailed analysis of 
vacuum conditions and rate of deposition will 
together lead to zinc sulphide films with even less 
absorption than the present. 

In spite of the lack of precise numerical data, 
enough qualitative material has been accumulated to 
show that multilayers are in all cases superior to silver, 
the superiority being particularly marked at the 
extremes of high and of low reflectivity. On the 
average, up to R=0.94, silver is some 5 times more 
absorbing than the multilayers. Beyond R=0.94, 
silver becomes catastrophically worse in so far as the 
deciding factor is the ratio of absorption to trans- 
mission, and beyond R=0.94 this rises at so ex- 
tremely rapid a rate in silver as practically to exclude 
the use of this metal much beyond R=0.90 tor 
reflection fringes. 

It will be shown by examples later that the multi- 
layers of all types from 1 to 9 layers can produce 
reflection fringes of cxceptionally high contrast 
because of the low absorptions. There seems little 
point in going beyond nine layers. 


EXPERIMENTAL PRODUCTION OF 
MULTILAYERS 


It is fairly certain that the present day techniques 
are only early stages in the ultimate developmeri *o 
be expected and it is easy to point out weaknesses in 
existing procedures. The successive layers are put 
down by thermal evaporation in a vacuum plant and 
usually monitored by photoelectric methods to control 


the thickness during the deposition. We have 


regularly employed two types of evaporating plant, 
adapted to the purpose. These are, (1) an 18 inch 
vacuum plant using a three-stage oil pump, rated at 
1,000 litres/sec and pumping down to perhaps 
5x 10-*mm. Hg and, (2) a small vacuum evaporating 
plant designed in the laboratory, pumped down by a 
two-stage oil diffusion pump. We have some 
evidence that a cold trap improves the performance. 
It was shown in the former paper that the absorption 
of silver films depends on vacuum conditions and is 
less for a mercury pump (with cold trap) than for an 
oil diffusion pump (without cold trap). This 
indicates that such a matter ought to be explored also 
for the multilayers. It is also possible that a mercury 
pump might give better multilayers than an oil pump. 

In our experiments the zinc sulphide and cryolite 
are loaded as powders on two separated boat filaments 
made of molybdenum sheet. Both materials melt at 
about 1,000°C. and it is found to be advantageous to 
pre-melt the zinc sulphide. A vertical sheet of glass 
is placed between the two filaments to prevent 
contamination. It is probable that this is in- 
sufficient, for in fact, at the lowest pressures available 
it is always found that evaporated material gets round 
even to the back surface of a piece of glass placed in 
the usual position well above the filament to receive 
a deposit in the standard fashion. This being so it is 
more than probable that each boat contaminates the 
other a little after each evaporation and it may be well 
worth developing more complex protection arrange- 
ments. Again, it is generally taken for granted that 
neither the cryolite nor the zinc sulphide decompose 
when heated on the filaments and it is assumed that 
they are deposited as glasses. This does not seem to 
have been thoroughly explored. It might well be 
expected that overheating above some _ specific 
temperature might very easily lead to decomposition 
of some of the materials and such an effect might well 
be expected to lead to increased optical absorption 
through adsorption of gases and decomposition 
products. Indeed, the increase in optical absorption 
reported to have been found by Polster when de- 
position rate is fast, may well be due in part to an onset 
of thermal decomposition at the higher filament 
temperature which will probably be used to produce 
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the faster deposition rates. Again no exploration of 
this has yet been carried out but it is certainly an 
aspect worthy of further detailed examination. 

In this connection we find that during deposition 
in our smaller pumping system the gauges register a 
higher pressure (between 10-4 and 10-°mm. Hg) than 
in the larger and faster pumping system and this 
would appear to suggest the production of decom- 
position gases which are not being pumped away 
sufficiently fast by the slower pumping system. 
These aspects are raised here merely to indicate 


- future probable lines of investigation for seeking 


improvement. It is clear, too, that a systematic 
investigation of the properties of alternative materials 
is also desirable, and it is hoped that this will be 
undertaken. 

The needs for multilayer materials are exacting. 
Both, a low and a high index is needed; the material 
must be colourless and transparent (7.e., low inherent 
optical absorption); it should be chemicaliy stable 
both in a vacuum and in the atmosphere; it should 
have a sufficiently high vapour pressure at a temper- 
ature which will cause negligible decomposition; it 
should come down as a ‘ glass ’ and not as a fine grain 
which would scatter light ; it should have mechanical 
strength when in the film form and the greater the 
resistance to abrasion the better ; it must not be 
hygroscopic nor should the two muiual materials 
interact ; it should preferably have good ultraviolet 
transmission ; its dispersion should not be too high ; 
the adherence should be satisfactory. 

As yet no materials satisfy all these criteria, but 
those used are a very good approximation. Cryolite 
is mechanically weak to abrasion, but fortunately in 
all cases the final outer layer in contact with the air 
is the zinc sulphide. The absorption with the present 
materials begins to increase appreciably towards the 
blue, but is still far less than that of silver. We find 
that zinc sulphide is quite resistant to mild abrasion. 


THICKNESS CONTROL OF THE 
MULTILAYER FILM 


Several methods have been variously proposed for 
controlling the thickness of the deposits and we have 
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employed two, one for films with only a small number 
of layers and another for the higher complexes (i.¢., 
5, 7 or 9 layers). These are optical monitoring 
methods, which depend on the changes produced in 
reflectivity. 

It is, of course, not necessary to measure the 
metrical thickness, but only necessary to cease 
deposition when the optical thickness of each film is 
A/4. Now, successful multiple-beam interferometry 
can be conducted with the use of light of one wave- 
length only for the precise measurements, then, if 
necessary using radiations of other wavelengths 
merely to indicate overlapping of orders and 
directions of displacements. This fortunate circum- 
stance makes the monitoring of the A/4 films relatively 
simple. For, if all the effective interferometry is to be 
conducted with, say, the green mercury line, then a 
mercury source with green filter is an ideal source for 
monitoring, and in fact this is what we employ. 

Of course, by using a white light source with 


appropriate filter a high reflectivity for any selected 


region can be monitored but a colour filter with its 
broad band pass will not produce so crisp and critical 
a monitoring as a monochromatic light source such as 
the green mercury line. The mercury source can also 
be filtered for blue, green, or yellow, hence even with 
this a reasonable chromatic range is available. 
Consider the first, the simpler system, applicable 
to 1 and 3 layers. Outside of the vacuum chamber 
(which is of glass) is a green-filtered and heat- 
filtered mercury source and with the aid of a totally 
reflecting prism within the vacuum chamber, a light 
beam is sent up to the surface on which the deposit 
will appear. From thence it is reflected to a photo- 
cell or photo-multiplier tube in circuit with a spot 
galvanometer which is conveniently placed close to 
the vacuum chamber. The deflections are pro- 
portional to the reflectivity on the receiving surface. 
To produce a single reflecting A/4 layer of zinc 
sulphide, the system is pumped down and the surface 
cleaned by ion discharge in the usual manner. 
Evaporation of the zinc sulphide is slowly begun and 
the surface reflectivity increases up to a maximum of 
0.31 when the optical thickness is A/4. It is only 
necessary to watch the recording galvanometer which 
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rises to a fairly flat maximum and at this flat top, to 
cease evaporation. The matter is not very critical 
and there is some tolerance on either side of A/4 
which produces practically no effect on the reflectivity 
as indicated by the galvanometer deflection. Thus, 
a 4/4 layer is automatically secured. 

To produce a triple layer, the second evaporation 
must be cryolite. The effect of this evaporation is to 
cause a steady fall in reflectivity and calculation shows 
that the system will fall to a reflectivity of some 0.14 
when the full A/4 layer of cryolite is superposed on 
the A/4 layer of 
zinc sulphide. 
Again it is now 
only necessary to 
follow through to 
the flat minimum 
and then to cease 
evaporation. The 
final third high- 
index layer is then 
deposited and the 
deflection rises to 
its maximum to cor- 
respond to a re- 
flectivity of 0.67. 

This procedure 
is quite satisfactory 
for three layers 
because of the large 
reflectivity changes 
for these first three Fig. 1. 
014,067 
but is not too satis- 
factory, for higher multiple layers. For, succeeding 
alternations of high and low deflections become 
progressively less and less marked and the minima, 
in particular, are not too easy to estimate. There is 
one point in favour of carrying it through to all the 
layers, namely the possibility of compensation. If 
one layer be put down of incorrect thickness, there is 
an optimum thickness, other than A/4 for the next 
layer to produce the best effect, either maximum or 
minimum. By carrying through evaporation to the 
best observed maxima and minima, there is then an 
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High contrast reflection fringes from mica using 


automatic compensation, at least to the best possible 
effect as far as the initial error will permit. Some 
workers therefore adopt this procedure. It has the 
merit of a simple optical and mechanical set-up in the 
vacuum chamber. 

For the higher multiplicity of layers we have 
adopted the method of Dufour which is mechanically 
much more complicated, but is satisfactory for any 
number ot layers. In the vacuum chamber and co- 
planar with the surface to receive the multilayers 
is a rotating disc carrying 9 small monitor glass 

discs, which, with- 
Ny out a break in the 
vacuum, can be 
\ \ brought in turn to 
\ an aperture, and 
thus in turn be 
exposed to the same 
evaporation as the 
disc to receive the 
completed multi- 
layers. The light 
received by the 
photo-cell is that 
reflected from the 
moniter disc, not 
from the flat receiv- 
ing the multilayers. 
The high- and low- 
index evaporations 
are carried through 
and for each a 
new monitor plate 
is brought in. The 
zinc sulphide is evaporated for the monitor to give a 
maximum and the cryolite monitored to a minimum. 
A shunt to change the sensitivity of the galvanometer 
for the two monitors is a useful advantage. 

By this system a succession of any number of layers 
can be put down. Any error in thickness is in- 
dependent for each and, of course, tends to average 
out, but there is no compensation as in the former 
case. It is unlikely that a serious systematic error will 
arise as the errors are likely to be random. 

An improvement and simplification which reduces 
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the number of monitor plates introduces some ele- 
ment of compensation and is also easier and more 
accurate to carry through, as follows. The high- 
index monitor R=0.31 is prepared, and without 
moving it the low index is then deposited on it until 
R falls to 0.14. The next monitor plate is then 
brought in and the procedure repeated. Clearly it is 
easier to measure a drop from R=—0.31 down to 0.14 
than to detect the small minimum or a single anti- 
reflecting low index film on glass which represents a 
drop of from only 0.04 to 0.01. 

Refinements have been adopted by various workers 
for improving the selectivity of the true maxima and 
minima, but we find for our purpose that the 
simpler methods suffice and have produced films 
adequate for our purpose. 


APPLICATION TO REFLECTION 
INTERFEROMETRY 


When compared with the employ of silver films for 
reflection multiple-beam interferometry, the multi- 
layers offer at least 8 advantages. 

(1) Primarily the lower absorption leads to high 

contrast and fine definition. 

(2) The low absorption leads to increased light 
intensity. This not only reduces exposures 
but also permits the use of more severe 
collimation conditions by reduction of pin- 
hole aperture and thus improves definition of 
fringes, especially when high microscopic 
magnification is involved. 

(3) There is a definite gain in reflectivity leading 
also to heightened fringe sharpening, even in 
the green. 

(4) Ausetul range of reflectivities from low to high 
becomes available and in each case the absorp- 
tion is less than that of silver, in particular 
much less at the high and low ends of the 
reflectivity scale. 

(5) High reflectivities can be obtained at any 
desired region of the visible wavelength scale, 
whereas with silver it is only from the green 

towards the red that high reflectivities are 
available. 
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Fig. 2. Fringe topography of titanium crystals 
untreated, matched against triple multilayers (< 312). 


Fig. 3. Fringes from untreated steel matched against 
a two-layer film of closely similar reflectivity to the steel, 
40%. 
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(6) With second-order films the reflectivity is 
sufficiently well localized chromatically to 
give (a) a useful wavelength range for white 
light fringes and (b) a useful range of low 
reflectivity too, and this difference can be 
exploited as will be shown later. 

(7) Durability and resistance to corrosion are far 
superior to that of silver. Neither reflectivity 
nor absorption are affected seriously by 
prolonged use in the atmosphere. This is a 
very marked improvement over silver. 

(8) There is no evidence with the lower reflectivity 
multilayer fringes of that anomalous high 
intensity assymmetry so characteristic of low 
reflectivity silver fringes. 

The principal disadvantage is the greater com- 
plexity in necessary apparatus and the more difficult 
experimental procedure, but once having mastered 
the technique, the advantages enumerated above are 
considerable. 

As illustrative of the interferometric properties of 
the multilayers two fringe types will be discussed, 
using various conditions. These fringes are respec- 


Fig. 4. Reflection fringes obtained with relatively 
low reflectivity silver in which dark fringes are bordered by 
an anomalous intensity increase due to phase effect on 
reflection. 
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Fig. 5. Fringe systems of indentations in steel using 
multilayers with the correct wavelength for high reflectivity 
(green mercury light). 


tively (1) miultiple-beam monochromatic Fizeau 
fringes (i.e. wedge fringes) and (2) fringes of equal 
chromatic order, which are formed when the inter- 
ferometer system is illuminated with parallel white 
light, and then an image of the interferometer 
projected onto the slit of a spectrograph. One obtains 
thus a series of fringes extended across the spectrum, 
each fringe reproducing the shape and character of 
its neighbour, but with a fringe width determined by 
the local chromatic reflectivity. Such a system 
therefore, merely by inspection, rapidly reveals 
variation of chromatic reflectivity of the multilayer 
system. 

Fig. 1 shows the fringes in reflection (x100) given 
by depositing multilayers on two pieces of cleaved 
mica and matching them together, seven layers having 
been used, reflectivity approaching 0.95. The 
extreme sharpness and very high contrast in the 
system are quite clearly rendered. It is only on the 
rarest of occasions, after seeing literally thousands 
of silver film fringes, that a contrast has ever 
been seen with silver even remotely approaching 
this. Yet this above contrast is readily repro- 
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Fig. 6. The same field as on Fig. 5 obtained with no 
alterations of set-up other than changing from the green 
mercury light to red light, for which colour the reflectivity 
is very low and thus the multilayer is non-effective permitting 
surface structure to be seen. 


ducible with multilayers. 

Again it will be noticed that the abrupt cleavage 
steps are recorded as such despite the complex layer 
system deposited. It will be shown later that the 
multilayers have indeed excellent contouring proper- 
ties, a matter of basic importance in topographical 
interferometry. 

Fig. 2 shows the fringes (x 312) obtained with the 
natural surface, untreated, of a grown crystal of 
titanium, matched against a /rip/e layer film. Here 
ihe reflectivity of the multilayer has been carefully 
adapted to that of the titanium crystal. Contrast is 
ideal and definition is exceptionally good, good 
enough to reveal both large and slight slip band 
steps. Such information is of considerable metallo- 


graphic value. 


Fig. 3 shows the fringes (x 70) given by polished 
steel which, again, has no deposit on it, when matched 
against a two-layer film, which has a reflectivity 0.40, 
almost identical with that of the steel. The fringes 
are of course much broader than that of Fig. 1 or 


Fig. 2 because of the lower reflectivity, yet the 
contrast is striking and the definition adequate for the 
problem in hand. Nor can any assymmetry anomaly 
be detected. Fig. 4 shows in comparison a typical 
silver fringe patiern (x 130) exhibiting the intensity 
anomaly referred to. Thus, by selection of the multi- 
layer individual problems can be studied to advantage. 

Item (6) above, the specific chromaticity of the 
reflectivity has been made use of by us in an interest- 
ing manner for revealing general surface structure. 
Thus it has been familiar to us for long that, when a 
silvered flat is placed above a crystal or metal surface, 
say machined, etched or distorted, or with growth 
features, then most of the finer microscopic surface 
details are obliterated. Sharp fringes contour surface 
details critically but the outlines of the features 
themselves are not visible. Although there is light 
between the fringes this can be regarded largely as 
coming back from the high reflecting initial surface. 
Only a small fraction of the total light penetrates 
through to the crystal or metal and this light, when 
diffracted back to form an image of surface detail, is 
practically swamped by the intense directly reflected 


Fig. 7. _Growth spiral step on silicon-carbide approxi- 
mately 160A high coated by seven multilayers. The 
multilayer contours the step exactly. 


3 
- 
* 
: 
; 
242 
%, 


S. TOLANSKY 


beam. One thus has high definition fringes but no 
surface picture. Figs. 1, 2, 3 show this in a clear 
manner. Optically it is evident that it is only in the 
narrow fringe regions that contributions from the 
metal surface have any influence and one has no 
knowledge of the state of the surface between fringes 
in this sense. 

It has therefore always been necessary to take an 
independent micrograph by removing the optical flat 
and then matching the two areas, at best a com- 
promise. We have overcome this defect by using a 
multilayer under the following conditions. A second- 
order multilayer (each layer having optical thickness 
3A/4) was made for the green mercury line. Because 
ot second order the reflectivity is high only over a 
reasonably narrow chromatic band. As a test 
specimen a hardness-test indentation using a diamond 
pyramid was made on a steel surface which was 
imperfectly polished. The Fizeau fringe system 
(x 70) given by the multilayer is shown in Fig. 5 when 
green mercury light is used. It is clear that good 
fringes are obtained but the surface outline of the 
indent is not clear and surface scratches and marks 
are partly masked, in the familiar manner. 

Now by merely changing the illumination to a 
white light source in front of which is a red filter, one 
obtains Fig. 6 (x 70). There are no longer any 
fringes, indeed the multilayer is transparent to the 
red and as a result a good-definition ordinary micro- 
scope image is now obta‘ned directly through the 
multilayer without the need for any manipulation or 
removal of the multilayer. This is a useful technique 
indeed, for im fact both pictures can be superposed on 
the one plate, if so desired, and thus critical allocation 
of fringes to surface features becomes possible in a 
very easy way. 

By mere inspection of the fringes of equal chrom- 
atic order given by two glass surfaces covered with 
multilayers an appraisal can be made of the chromatic 
variations of the reflectivity. 


CONTOURING PROPERTIES 


It is of some considerable importance to multiple- 
beam interferometry to determine to what extent the 


complex multilayers will accurately contour surface 
detail. It has been established in this laboratory by 
repeated experiments of varying kinds that vacuum 
evaporated silver certainly does contour surfaces with 
remarkable fidelity. Even although the deposited 
silver film is some 500 A thick, yet contouring of 
molecular steps only 20 A thick and less has been 
established repeatedly, such that these small steps 
re-appear on the surface of the silver. 

Now the point at issue is whether the relatively 
much thicker and more complex multilayer film 
contours equally well. A layer with seven com- 
ponents has an optical thickness 1.75A but a metrical 
thickness 0.97A, which for the green mercury line is 
5,300 A. Thus the multilayer is some ten times as 
thick, metrically, as the silver. On this basis it might 
possibly be anticipated that the multilayer might 
faithfully contour a step at least as small as ten times 
that contoured by silver, 7.e. 200 A. 

We have submitted this to experimental test by 
various methods, two of which will be indicated here. 
Cleavage steps on mica have been found to occur 
often in small integral or half integral multiples of the 
crystal lattice spacing of 20 A. A step was measured 
using first a single silver film. This was removed and 
replaced by a 7-multilayer film. The two values 
found were 93A and 90A respectively, with an 
experimental error of + 5A. These are in eminently 
satisfactory agreement showing that accurate contour- 
ing at least takes place for a step only 1/60th of the 
height of the multilayer and this need not necessarily 
be the lower limit. 

A second test carried out is equally striking. 
Working in this laboratory with silvered surfaces 
Verma has found and reported many examples of 
uniform spiral growth on silicon carbide crystals. 
These spirals are stepped in simple integral multiples 
of the crystal latace spacing. We selected a spiral 
for which the step had formerly been evaluated by 
Verma as 160+10A. This was coated with a 
seven-layer film and the step redetermined. It was 
found to be 1654+10A. Thus again, within 
experimental limits, there is identical contouring by 
the multilayer and the silver. Fig. 7 (x 100) shows 
the interference fringe pattern over the spiral steps 
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given when both the crystal and the matching flat 
have been coated with a seven-layer film. In addition 
to the question of contouring, attention is drawn to 
the exceptionally fine contrast. 


up to say 0.95 without loss of contouring and this is 
the reflectivity of a seven-layer film. We have 
examined such fringes. They show no anomalies 
and have all the advantages anticipated. 


It might be anticipated that the multilayer film will 
fail to contour right down to the same limit as silver. 
Thus it might be advisable if the finest limits are I wish to thank Dr. Turnbull and Mr. Belk for 
under examination, to coat the surface under study photographs Figs. 1 and 3, Mr. Pandya for photo- 
with silver and to use the multilayer only on the graph Fig. 4, and Mr. Williams for photograph Fig. 
matching flat. By this means all the advantages of 2. Dr. Turnbull and Mr. Belk have largely been 
the multilayer are retained for reflection fringes. The responsible for the development of the multilayer 
reflectivity of the silver on the crystal can be pushed technique in my laboratory. 
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Summary 


A MOLECULAR still has been developed in which analytical 
distillations of milligram quantities of material can be made 
without use of constant-yield or carrier oils. The still 
consists of a glass pan suspended from a quartz helix in the 
longitudinal axis of an internal heating coil. An internal 
thermocouple is used to estimate temperature of distilland 
and the course of distillation is followed by measuring, with 
a cathetometer, change in extension of the helix. Acetates 
of mono-, di- and trisaccharides, anthraquinone dyes, 
fatty acids, monomeric and polymeric esters of fatty acids, 
triglyceride oils and cholesteryl esters have been distilled 
successfully. Composition of mixtures has been determined 
by analytical distillation and molecular weights of com- 
ponents have been estimated through reference to 
distillation temperatures characteristic of the materials. 


Ottawa, Canada* 


Sommaire 


UN APPAREIL 4 distillation moléculaire a été perfectionné 
dans lequel quelques milligrammes de substance peuvent 
étre distillés sans qu’il soit nécessaire d’utiliser d’huile a 
distillabilité constante ou d’huile diluante non-volatile. 
L’appareil consiste en un plateau de verre suspendu par une 
hélice de quartz dans l’axe longitudinal d’une bobine 
interne de chauffage. La témperature de la distillation est 
mesurée a l’aide d’un thermocouple interne et la marche de 
la distillation est suivie en mesurant au cathétométre, les 
changements dans |’extension de l’hélice. Des acetates de 
mono-, di- et triosides, des teintures d’anthraquinone, des 
acides gras, des esters d’acides gras mono- et polymeriques, 
des triglycerides, et des esters du cholestérol ont été 
distillés avec succés. La composition de mélanges a été 
déterminée par distillation moléculaire et les poids molé- 
culaires des constituants ont été evalués par référence a la 
température caractéristique de distillation des substances, 


INTRODUCTION 


MOLECULAR DISTILLATION and continuous weighing 
during heating are two techniques being employed 
with increasing frequency in analytical chemistry. 
Although each technique has been used separately 
with small amounts of material*!® molecular 
distillation and continuous weighing have recently 
been combined successfully. A molecular still has 
been constructed by Grassie!® in which polymers can 
be heated while the vapour pressure of the volatile 
material evolved is measured with a Pirani gauge. 
For direct weighing, a magnetically controlled quartz 
fibre microbalance, adaptable to molecular distillation 
conditions, has been constructed by Edwards and 
Baldwin’. A quartz fibre has also been used in a 
micromolecular still designed for studying thermal 
degradation of polystyrene!. 


* MS. received March, 1953. 


When small amounts of material are distilled in a 
falling-film or centrifugal molecular still, the material 
being investigated must be dissolved in a medium 
consisting of appropriate quantities of constant-yield 
oil and carrier oil.11 The success of an analytical 
molecular distillation depends on the skill of the 
operator in blending the solvent used. In a micro- 
molecular still, in which the distilland was con- 
tinuously weighed during heating, analytical distilla- 
tions might be conducted without the use of either 
constant-yield or carrier oils. During such a 
distillation the area presented by the distilland 
would eventually grow smaller and finally vanish. 
Therefore, before this technique could be used, an 
analysis of the effect of diminishing area of distilland 
on the functions used to characterise compounds in 


1 Part of this paper presented to the Analytical Section of 
the Chemical Institute of Canada, Montreal, June, 1952. 
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analytical molecular  distillations 
would be required. 

A rapid molecular distillation 
method for determining extent of 
polymerisation of simple esters of 
fatty acids has been developed by 
Booy and Waterman.! Their 
apparatus consists of a metal pan 
suspended from a quartz helix in 
an evacuated glass tube. The 
distilland is heated by converged 
rays from an infra-red lamp and 
contraction of helix is measured 
with a millimetre scale located out- 
side the evacuated tube. 

The molecular still of Booy and 
Waterman was selected for use in 
investigating the feasibility of mi- 
cromolecular distillation in the 
absence of solvent. To permit its 
use for analytical distillation the 


following refinements were incor- wearwe con 


porated into it: A temperature 
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indicator, a more reproducible 
method of heating the sample, 
increased distance between the 
evaporating and condensing surfaces. 


DESCRIPTION OF STILL 


The apparatus (Fig. 1). consists of a shallow glass 
pan supported on a stirrup that is suspended from a 
quartz helix. The pans were made from number-one 
microscope cover glasses with the edges raised by 
heating, or from ‘ Iodine Value cups’ ground on a 
lap to suitable size and weight. The area of the pans 
was approximately 0.8 cm? and the combined weight 
of pan and stirrup 120 mg. With a 30-mg. sample of 
an oil the initial depth of distilland in the cup ranged 
from 0.4 to 0.5 mm. 

For each 5 mg. increment in load, the helix was 
lengthened by 1 cm. Therefore, using a cathetometer 
reading to 0.005 cm., a change in weight of 0.025 mg. 
could be detected. Within the load range of 0 mg. to 
50 mg., extension of the spring per unit net load 


Fig. 1. Micromolecular Still. 


was constant. It follows, then, that the precision of a 
measurement of extension was governed by the 
accuracy of the cathetometer. 

The system was evacuated by a suitably-backed oil 
diffusion pump. A Pirani gauge was used to indicate 
when the still had been evacuated sufficiently that the 
stopcock connecting it to the high vacuum part of the 
system could be opened. Low pressure was measured 
by a McLeod gauge attached between the main stop- 
cock and a cold trap and by an ionisation gauge 
connected in such a way that it could be used to 
measure pressures on either side of the cold trap. 
The pressure (as indicated by the ionisation gauge 
when protected by the trap) was 5 x 10°° mm. Hg. 
In the unprotected position, the pressures registered 
by the ionisation gauge ranged from 5 x 10-° mm. to 
1x10-> mm. Hg and agreed well with those 
of the McLeod gauge. These pressures, however, 
should not be considered absolute but merely 
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as indications of reasonably high vacuum. 

An internal heating coil, with a ratio of diameter to 
length of 1 to 3.5, was used to raise the temperature 
of the distilland. The resistance of the helix, made 
from 24 gauge Chromel ‘A’ wire wound on thin 
strip-mica spacers, was 14 Ohms. The upper two 
thirds of the coil was uniform in temperature, and 
the weights of samples, pan and stirrup were so 
chosen that the pan remained in this region through- 
out the distillation. An iron-constantan thermo- 
couple, placed within the uniform temperature region 
of the coil, indicated the temperature of the distilland. 

The condensing surface was that portion of the still 
lying between 3 and 8 cm. above the top of the heating 
coil. For analytical distillation, this area was cooled 
by fine jets of air from a perforated annulus. The 
rate of air flow was regulated to keep the condensing 
surface at a temperature of 30°C as indicated by a 
thermocouple taped to the glass. Even in the absence 
of air-cooling, however, no condensate was detected 
on the stirrup or the spiral. 

Two modes of heating were employed. When the 
composition of the distilland was unknown, the 


temperature was increased in a regular step-wise 
manner, for example, 10°C every 15 minutes. A 
temperature characteristic of the material distilled 
was determined from an elimination curve obtained 
by plotting amount distilled as a function of temper- 


ature. When the composition of the sample was 
known qualitatively and quantitative information was 
desired, the sample was heated to the temperature at 
which the most volatile component distilled at its 
maximum rate and was held there until all of this 
component had evaporated. Then the temperature 
of the distilland was increased to that of the elimina- 


Table I 


tion maximum of the next most volatile component. 

Contraction of the spring in the course of distilla- 
tion was due to two causes : reduction in load as a 
result of distillation and heating of the quartz spiral. 
However, the purely thermal rate of contraction was 
found to be merely 0.005 mm. per 10°C. Thus, 
correction of overall spiral contraction would be 
negligible below 125°C. At higher temperatures, 
however, this correction was required for precise 
measurements of rate of evaporation and for 
quantitative analysis of mixtures containing material 
of high characteristic temperature. 


EXPERIMENTAL METHODS AND RESULTS 


Methods of Reporting Data 


The results of analytical distillations may be 
reported in a number of ways. The most common 
method is to express the amount of distillate in each 
fraction as a percentage of the total and to determine 
graphically the temperature at which the greatest per- 
centage is distilled. This temperature is called the 
elimination maximum, symbol E.M."! A variation of 
this method is to determine the temperature at which 
50° of the material has distilled, a process that 
obviates determination of the point at which maxi- 
mum rate occurs.® This characteristic temperature, 
symbol ET.50, is the median temperature and owes 
its existence to inherent skewness in the elimination 
curve.® The degree and direction of skewness vary 
with experimental conditions. However, both 
elimination maximum and ET.50 are affected to 
approximately the same extent. Reverse skewness, 
due to poor renewal of the depleted surface, was not 
encountered in the present investigation. 


Reproducibility of Functions 


WEIGHT 


E.T.50 


CoMPOUND 


Methyl] Stearate 


Cholesteryl Hexanoate 


vol. 
2 
1952 
E.M. 
MEAN DEv’N MEAN DEV’N MEAN | DEV’N 

[ Ae 8 5.9 0.2 53.1 0.4 47.0 0.4 

3 19.1 O.1 58.0 0.5 53.8 oO. 

3 30.9 0.3 60.7 1.0 56.0 0.0 

3 41.7 0.7 64.0 0.2 58.0 0.2 

3 16.4 0.3 139.2 0.5 

3 25.4 0.4 144.8 0.7 137.9 0.8 

2 34.7 1.0 148.0 0.5 140.5 0.5 
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Because of inherent skewness in the elimination 
curve, a probability transformation to convert 
cumulative percentages to a linear function of temper- 
ature is inappropriate. Fletcher and co-workers’, 
however, obtained linear plots when they used this 
method. Evidently, rate of distillation falls off 
toward the end of an analytical distillation even in the 
presence of constant yield or carrier oils. Because 
these oils were not used in the present work, area of 
distilland and, thus, rate of distillation were expected 
to fall off in the latter stages of evaporation. There- 
fore, linearity of probability transformation, due to 
unsymmetrical distribution of amount distilled as a 
function of temperature, was anticipated. 

To avoid putting undue emphasis on the latter 
stages of distillation, the following methods of de- 
termining characteristic temperatures were adopted. 
The elimination maximum was estimated by drawing 
a horizontal line from a point near the top of the 
descending portion of the curve to the line joining 
the points obtained during the first part of the 
distillation. The temperature obtained by bisecting 
this horizontal line was considered to be the elimina- 
tion maximum. Two methods were used to 
determine values of ET.50. Cumulative percentages 
distilled were plotted on arithmetic probability paper 
as a function of temperature. The intercept on the 
50°% line of the linear plot obtained by giving more 
weight to the first part of the distillation yielded 
values of ET.50. Another method of determining 
ET.50 values is to calculate the median value from 
tabulated data. Both methods gave essentially the 
same results. However, the linear plot obtained by 
use of special graph paper was considered to give 
more reliable information and this method was used 
to obtain the data for this paper. 


Probability Transformation of Distillation 
Curve 


Typical linear transformations of elimination 
curves are shown in Fig. 2 for a variety of compounds. 
Also included are the data for distillation with 
arithmetic temperature increase in the absence of 
solvent distillation as derived by Embree.* Except 
for methyl stearate, stearic acid and cholesteryl 
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Fig. 2. Typical linear transformations of elimination 
curves; temperature increased 10°C. every I5 minutes. 
(1) Quinizarin green, (2) raffinose hendecaacetate, (3) theor- 
etical curve for arithmetic temperature increases, 
(4) cholesteryl octanoate, (5) cholesteryl hexanoate, 
(6) celanthrene red, (7) cholesteryl acetate, (8) erucic acid, 
(9) stearic acid, (10) palmitic acid, (11) methyl erucate, 
(12) methy] stearate (41.7 mg.), (13) methyl stearate (5.8 mg.). 


acetate, which melt during distillation, the plots are 
linear until over 75° of the material has evaporated. 


Reproducibility of Functions 


Table I shows the reproducibility of the functions. 
The maximum standard deviation is 1°C and the 
overall value for ET.50, calculated by using 16 
degrees of freedom is 0.4°C. This standard deviation 
is less than half that obtained by Fletcher® through 
the use of constant-yield oils. 


~ 
a 
| 
| 
| 
210 
= 
ol. 
2 
952 
| 
9 


R. P. A. SIMS 


Effect of Initial Load on ET.50 


Investigation into the effect of initial load on 
characteristic temperature revealed three types of 
behaviour : evaporation without melting (cholesterol) ; 
melting before distilling (cholesteryl hexanoate) ; and 
intermediate behaviour, 7.e. compound a solid during 
the early part of the distillation but melting before all 
is distilled (methy] stearate). The effect of initial load 
on function ET.50 is shown in Fig. 3 where radii of 
circles are equal to the product of twice the overall 
standard deviation, 0.4, and the square root of the 
number of replications. Hence, area of circle is 
inversely proportional to error of measurement. The 
results indicate that function ET.50 increases with 
increasing initial load. Methyl stearate, which under- 
goes a phase transition during distillation, is affected 
more than the other compounds. 


Relation Between ET.50 and Molecular Weight 


The relation between characteristic temperature 
and molecular weight of distilland has been in- 
vestigated for anthraquinone dyes!!, for fatty acids’ 
and for cholesteryl esters.° In these studies, constant 
yield and carrier oils were employed. To determine 
whether a linear relation could also be obtained with- 
out the use of solvents, series of compounds were 
distilled analytically and the ET.50 values were 
plotted as functions of molecular weight (Fig. 4). As 
weight of sample used in this investigation ranged 
from 10 mg. to 35 mg. the effect of variation in initial 
load was slight. The linear relation, anticipated from 
previous studies®®! was shown to obtain for all 
classes of compounds studied. 

An increase in chain length of one carbon atom has 
been shown to result in an increase in characteristic 
temperature of 5°C for fatty acids’ and for cholesteryl 


Table II 


esters® and of 6°C for anthraquinone dyes.!! The 
slopes of the lines in Fig. 4 confirm these conclusions. 
For the sugar acetates studied, which have an incre- 
ment of one hexose and three acetate groups, the unit 
increase in ET.50 is 56°C. 

The linear relation between ET.50 and molecular 
weight has been used to estimate molecular weight of 
components of mixtures of polymerised oils and fatty 
acid esters. Typical analyses, of the same order of 
accuracy as that reported by Booy and Waterman,! 
are shown in Table II. 


Separation of Mixtures 


Elimination curves of binary mixtures are shown in 
Fig. 5. The mixtures consisted of equal amounts of 
each component and had the following characteristics : 

Difference in 


Components Molecular Difference in 
of Mixtures Weight ET. 50. 


Palmitate-Stearate 28 fe) 
Palmitate-Erucate 82 30 
Acetate-Hexanoate 56 20 
Acetate-Octanoate 84 30 


The elimination curves in Fig. 5 indicate that only 
the palmitate-erucate mixture can be separated 
sharply under the conditions used : distilland kept 
at a given temperature 10 minutes for 5°C intervals 
and 15 minutes for intervals of 10°C. Halving the 
temperature increment, as shown in Fig. 5D, made 
the analysis more sensitive so that the minimum in 
the curve was more clearly indicated. 


Vapour Pressure and Heat of Vaporisation 


Since the course of distillation in this apparatus is 
followed by continuous weighing, rate of evaporation 
is easily calculated. By applying the Langmuir 
equation for evaporation to data obtained from the 


Analysis of Mixtures 


(Percentage Composition) 


MONOMERIC| DIMERIC TRI- 
ESTER ESTER | GLYCERIDE 


POLYMER 


MONOMERIC] DIMERIC TRI- 


ESTER ESTER | GLYCERIDE POLYMER 


Mixture A 


Found 5.56 84.63 8.54 
Calculated 5.76 83.65 9.34 | 


Mixture B 


Found 1.44 69.47 2245 6.98 
Calculated 1.37 | 68.39 23.54 6.70 
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Fig. 3. Effect of initial weight of distilland on 
characteristic temperature. 


linear portion of probability transformation plots, 
vapour pressures can be computed. These will not be 
absolute values, for the exact area presented by the 
distilland is not known. However, heats of vapor- 
isation can be calculated and vapour pressures at a 
constant temperature can be compared within an 
homologous series of compounds. In_ typical 
logarithmic plots (Fig. 6) the lines are straight for 
about the same temperature range for which the 
probability transformations are linear. 


Table 


Fig. 4. Relation between ET.50 and molecular 
weight. Compounds in order of ascending molecular 
weight. Anthraquinone dyes: Celanthrene red, dimethyl-, 
diethyl-,dipropyl-diaminoanthraquinone, quinizarin green; 
fatty acids : palmitic, stearic, erucic, brassidic; cholesteryl 
esters: acetate, hexanoate, heptanoate, octanoate ; fatty 
acid esters: methyl palmitate, methyl stearate, methyl 
erucate, dimethylester of dimerised linseed oil acids, 
tistearin ; sugar esters: glucose pentaacetate, sucrose 
octaacetate, raffinose hendecaacetate. 


Mean heat of vaporisation for each homologous 
series studied, together with values of the slope of 
the lines in Fig. 4 and decreases in vapour 
pressure with increase in chain length, are given 
in Table III. The values for heat of vaporisation 


Vapour Pressure Data 


AET.50 AP 
AM.W.| ACH, 


SERIES STATE 


Anthraquinone Dyes 0.42 
Sugar Esters 0.17 


Cholesteryl Esters Liquid 
Fatty Acid Esters Liquid 
Fatty Acids Liquid 
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Fig. 5. Elimination curves 


OISTILLED 


of mixtures of equal parts: 
B (A) methyl palmitate and methyl 
stearate, (B) methyl palmitate 
and methyl erucate, (C) choles- 
teryl hexanoate and cholesteryl 
octanoate, (D) cholestery lacetate 
and cholesteryl hexanoate. 


maximum and then lower- 


f ing the temperature in a 
se) 


| regular stepwise manner. 
The results obtained by 

applying these two tech- 
niques are shown in Figs. 
7 & 8. Although the 
9 change in slope of the 
probability transformation 


100 9 50 


D plots is still marked, the 
slopes of the vapour pres- 
sure plots now indicate larger 
heats of vaporisation for the 
solid than the liquid distill- 
ands. 


DISCUSSION 


Inspection of the linear 


TEMPERATURE °C, 


de .° \ transformations in Fig. 2 
\ shows that the theoretical 
\\ plot for distillation with arith- 
| \ Se | metic temperature increase 
is linear until about 70°, has 


evaporated, then distillation 
becomes faster before it fails 


have an accuracy of about +5%. 

Cholesteryl acetate, stearic acid and methyl 
stearate melt during the course of distillation. This 
change of phase results in a change in slope of 
the probability transformation plots (Fig. 2) and of 
the vapour pressure plots (Fig. 6). Two methods for 
partially overcoming the effects of melting during 
distillation have been tried. They were: melting 
the distilland prior to distillation and reversing the 
distillation procedure, 1.e., heating the sample rapidly 
to a temperature above its expected elimination 


due to depletion. 

This increase in rate of distillation has been 
accounted for by Embree.* However, most of the 
experimentally determined plots are linear for about 
85°%, of the distillation. This extension of linearity 
can be explained by reference to the corresponding 
vapour pressure plots (Fig. 6) where these plots are 
linear until temperatures equivalent to about 50% 
distillation are reached. Then vapour pressure, and 
hence rate of distillation, falls off, counteracting the 
normal tendency of the linear transformation to curve. 
The linearity of vapour pressure plots for the first 
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Fig. 6. Logarithm of 
vapour pressure as a function 


of reciprocal absolute tem- 
perature. (1) Quinizarin r 
green, (2) raffinose hendeca- : 
acetate, (3) cholesteryl L 
octanoate, (4) cholesteryl 
hexanoate, (5) cholesteryl ace- r 
tate, (6) erucic acid, (7) stearic —4.5 
acid, (8) methyl erucate, 
(9) methyl stearate. 
w 
50°, of distillation indi- \ 
cates that the area of 
distilland is reasonably 
constant. Therefore, data S$ r \ 


obtained during the first 


half of a distillation canbe \ 

considered useful and \ ak 
values of elimination max- 

imum and ET.50 obtained 

without che use of constant ‘aed $i 

yield or carrier oils may be 

assumed to have validity. 2.0 22 24 2.6 2.8 3.0 3.2 3.4 | 


The phenomenon of ! 
obstruction of surface, in 
which normal distillation is impeded by traces of 
contaminant, has been described recently by Hick- 
man.'* Changes in vapour pressure such as those 
resulting from contamination of surface would be 
readily discernible in both the elimination curve and 
the vapour pressure plot. Since none was detected, 
it may be presumed that abnormally obstructed 
surfaces or depressed evaporation coefficients were 
not encountered in this investigation. 

Reduction in initial load caused a decrease in 
characteristic temperature. This effect was to be 
expected because both elimination maximum and 
ET.50 are based on percentage of initial load distilled 
in a given temperature interval. Since the initial area 
presented by the distilland is essentially the same, 
irrespective of load, the initial rates of distillation will 
be the same and a larger percentage of a small initial 
load will evaporate in the early part of a distillation. 
The elimination maximum will therefore be shifted 
towards lower temperatures. 

Some of the compounds encountered in this 
investigation changed phase or crystal form during 


distillation or, being solids, presented areas that could 
not be readily estimated. Although these properties 
make explanation of the behaviour of the compounds 
difficult, some speculative discussion has been 
attempted. 

Methy] stearate, representative of the compounds 
that melt during distillation, showed marked 
dependence of characteristic temperature on initial 
load (Fig. 3). Solid methyl] stearate, having lower 
vapour pressure than the liquid form, will evaporate 
more slowly. Consequently, distillation is slower at 
temperatures below the melting point, and more of 
the distilland is available for evaporation at higher 
temperatures. Thus, ET.50, will be displaced 
toward higher temperatures. For distillations at low 
initial load, however, the amount that distills at lower 
temperatures will be a relatively large amount of the 
total. Therefore, low initial load will mean low value 
of ET.50. 

The above analysis of results applies only to com- 
pounds that distill at a slower rate when solid. Ifa 
material had such a high specific surface that it would 
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distill faster as a solid than as a liquid, results exactly 
opposite to those reported in this study would be 
obtained. In addition, product of area and vapour 
pressure of the solid compound could balance so 
closely the product of these factors for the compound 
in the liquidstate that no aberration could be detected. 

The Langmuir equation for evaporation into a 
vacuum requires that the vapour pressure of the 
condensate be negligible with respect to that of the 
distilland and that the accommodation coefficient be 
unity. In this investigation, the condensing surface 
of the micro-molecular still was cooled by an air 
stream. The condensate, therefore, could be 
considered to have very little vapour pressure, 
relative to the distilland. On the basis of the work 
of Bradley and Shellard®* the accommodation co- 
efficients of the materials used in this investigation 
were assumed to be unity. The reliability of the 
vapour pressure data in this paper is thus a function 
of the validity of the above assumptions. The 
accommodation coefficients of these compounds are 
currently being measured with the apparatus 
described here using a modified Knudsen technique. 

The vapour pressure plots (Fig. 6) for cholesteryl 
acetate, stearic acid and methyl stearate show a 
common peculiarity. The plots have smaller slopes 
for distillation of solid material than when the 
compound is liquid. However, when these materials 
were melted prior to distillation or when the distilla- 
tion was started at high temperatures, the calculated 
heats of vaporisation no longer appeared anomalous 


(Fig. 8). A comparison of the data obtained by these 
techniques with those obtained by conventional 
distillation (Table IV) shows that, in other respects, 
the three modes of distillation produce comparable 
results. 

Possible explanations of the different slopes for the 
same compound are the change in area of the solid 
material during a conventional distillation and the 
existence of different polymorphic forms before and 
after melting. Polymorphism is known to occur in 
fatty acids and their esters but not in cholesteryl 
esters at temperatures below their melting points. 
The existence of different forms of solid cholesteryl 
acetate is suggested by the different X-ray diffraction 
patterns given by unmelted and melted samples. 
The infra-red spectra of these samples, however, 
were not significantly different. 

Because rate of evaporation depends on the first 
power of the area presented by the distilland, care 
must be taken in comparing vapour pressure data 
obtained from various rate studies in this micro, pot- 
type still. Vapour pressures of compounds within 
homologous series may be compared if it is assumed 
that, in the case of liquids, contact angle, and hence 
surface area, is constant and, in the case of solids, 
that crystal lattice and specific area do not vary 
greatly. This latter restriction may not be too 
stringent since for spheres, cylinders and regular 
polyhedra area varies with square of radius or length 
of edge whereas volume varies with the cube of these 
dimensions. Moreover, complications due to poly- 


Table IV Comparison of Distillation Methods 
CHOLESTERYL STEARIC METHYL 

COMPOUND ACETATE ACID STEARATE 
Phase Solid Liquid Solid Liquid Solid Liquid 
Method ET AH ET AH cK AH ET AH ET AH ET AH 

50 50 50 50 50 50 

Conventional 
Distillation 120 26 86 30 57 27 
Reverse 
Distillation 124 37 114 29 — 40 82 33 — a 57 26 
Melting Prior 
to Distillation 122 39 117 25 82 37 81 29 57 38 57 26 
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Fig. 7. Probability 
transformations of elim- 
ination curves for reverse 
distillation and for distil- 
lation with prior melting 
of distilland. (1) Cholest- 
eryl acetate ; (2) stearic 
acid ; (3) methyl stearate 
© indicates reverse distil- 
lation, and @ indicates 
distillation with prior 
melting. 


c 
= 
x -5.0 
a 
° 
a 
< 
> 
4 


oO 

90 fe) 
< 

= 70-- 


20 
CUMULATIVE 


50 80 95 99 
PERCENT DISTILLED 


99.99 


Fig. 8. Logarithm of 
vapour pressure as a func- 
tion of reciprocal absolute 
temperature for reverse 
distillation and for distilla- 
tion with prior melting of 
distilland. (1) Cholesteryl 
acetate, (2) stearic acid, 
(3) methy] stearate, o indi- 
cates reverse distillation 
and @ indicates distillation 
with prior melting. 
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morphism can be minimised by preparing each 
member of the series in a similar manner. It would 
then appear permissible to compare, among homo- 
logous series of compounds, slope of line in Fig. 4 
with mean heat of vaporisation. The data in Table 
III indicate that compounds of like slope have like 
heats of vaporisation. If comparison between 
anthraquinone dyes and sugar acetates is legitimate, 
the compound with the lower latent heat of vapor- 
isation has the greatest change in molecular weight 
with characteristic temperature. 

The values of heat of vaporisation for the com- 
pounds investigated are 3 to 5 kcal. larger than those 
generally reported in the literature. However, the 
pressures employed in the present work were fractions 
of microns while those used by most of the other 
earlier workers were multiples of millimetres. When 
the latent heats of vaporisation of cholesterol, 
ergosterol and dipropyldiaminoanthraquinone were 
measured, at pressures of 1 to 50 micron Hg!, the 
values obtained were in good agreement with those 
reported here. 

If a multicomponent mixture is distilled and the 
bulk of the material is volatile, there may be less than 
5 mg. of the least volatile component present at the 
start of its distillation. This would lead to error in 
estimation of characteristic temperature and thus of 
molecular weight. The average slope of the lines in 
Fig. 4 is such that 1°C is equivalent to 2.5 units of 
molecular weight. Therefore, an error of 10°C in 
characteristic temperature would cause the estimated 
molecular weight to be incorrect by 25 units. Com- 
pounds warranting molecular distillation must have a 
molecular weight of at least 300 and the error would 
thus be of the order of 8°% or less. 

The efficiency of separation in a molecular stil 
depends in part on the shape of the elimination 
curves. The temperature at which a curve reaches 
its maximum is affected by length of time spent in 
each temperature interval. The shape of the curve is 
governed by magnitude of latent heat of vaporisa- 
tion, e.g., when the distilland is a material of high 
vapour pressure, the elimination curve will be tall 
and will have a narrow base. If vapour pressures of 
two homologous series of compounds are compared at 


- These factors are : 


a common temperature for each series, the vapour 
pressure decrement per unit increase in molecular 
weight will be larger for the series with greater heat 
of vaporisation. 

Differences in molecular weight and ET.50 
between cholesteryl acetate and cholesteryl octanoate 
are almost the same as those between methyl palmit- 
ate and methyl erucate. However, two factors make 
it improbable that attempts to separate each mixture 
into its components would be equally successful. 
smaller percentage difference in 
molecular weight for the cholesteryl esters and their 
smaller heats of vaporisation and vapour pressure 
decrements. (Table III). Cholesteryl esters will 
thus give flatter elimination curves and will require 
greater difference in molecular weight to permit 
separation by molecular distillation (Fig. 5). 

Because of ‘mixed melting point’ effect, the 
mixture of cholesteryl esters was liquid at temper- 
atures below that at which distillation started. 
Therefore, the lower vapour pressures encountered 
were not due to the solid state of cholesteryl acetate 
during distillation. 

In a pot-type still, the whole sample is heated at 
distillation temperature throughout the course of the 
distillation. This operating characteristic could lead 
to thermal decomposition of the distilland. However, 
no evidence of thermal decomposition was found in 
this investigation. For example, methyl] linolenate 
and linseed oil distilled without polymerisation and 
raffinose hendecaacetate distilled without decom- 
position. Absence of obstruction of surface could be 
considered additional indication that the distilland is 
not changed during the course of a distillation. 

Hickman and Embree!* have derived a function, 
the ‘ decomposition hazard’ to express the thermal 
hazard in different types of stills. It is defined as the 
product of time in seconds that the distilland is held 
at operating temperature and the pressure in microns 
Hg at which the distillation is conducted. By assum- 
ing a pressure of 1 micron Hg and 10 passes for 
complete distillation, these authors have calculated 
the decomposition hazard for a number of 
cyclic molecular stills. Of the types studied 
only centrifugal, molecular stills have values of 
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decomposition hazard less than 80. 

In the micro, pot-type still described in this paper, 
the average time required for a distillation is 40 
minutes and the decomposition hazard, for a pressure 
of 5 x 10-> mm. Hg is therefore 120. This low value 
is due to the use in the calculations of a pressure of 
0.05 micron Hg. Since the distilled material plated 
out on the condensing surface surrounding the pan 
and was not carried away by the pump, the pressure 
in the still proper was greater than the saturation 
pressure of the condensate and less than the saturation 
pressure of the distilland. Reference to the vapour 
pressure plots (Fig. 6) shows that the maximum 
saturation pressure encountered was about 10-° mm. 
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‘LETTERS. TO THE 


Ion Pump 


Sommaire 
LES AUTEURS se réferént a l’article de Von Engel dans 
Volume I No. 4 et la lettre de Riddiford dans Volume II 
No. 2. Ils donnent certains chiffres concernant une pompe 
a ionisation expérimentale ; ils en discutent les perform- 
ances en les comparant 4 ceux d’une pompe a diffusion. 


IN CONNECTION with the article by Von Engel! and 
the comments by Riddiford it may be of interest to 
give the performance of an experimental ion pump.? 

The pump is based on the properties of a magnetic- 
ally collimated discharge similar to that of a Philips 
Ion Gauge except that one cathode is hot. Measured 
pumping speeds have been in the range of 3,000 to 
7,000 litres per second, depending on various adjust- 
ments, and the base pressure has varied from 8 « 10°? 
mm. Hg to 5 x 10*mm. Hg. The optimum exit 
pressure for this pump was 3 to 5 x 10-4mm. Hg, 
although it could be operated (at the expense of 
reduced cathode life) at pressures as high as 10-*mm. 
Hg. The power, most of which was used to produce 
the magnetic field, could be reduced to as low as 
25 kW, but the lowest pressures were reached and 
stability was improved at higher magnetic fields. 
Excellent operation was obtained at 42 kW, of which 
32 kW went to the magnets and 4.5 kW to the hot 
cathode and the remainder to the arc. Continuous 
automatic operation for two weeks has been achieved, 
at the end of which the cathode was worn out. 

The power requirement can be reduced by a more 
careful design, particularly of the magnets, but it is 
not probable that it can be brought to the level of 
the heater power alone of an equivalent diffusing 
pump. However, the ion pump uses no extraneous 
working fluid which is a great advantage in those 
applications of vacuum pumps where it is important 
to avoid surface contamination. Diffusion pumps, in 
those cases, require very restrictive liquid air 
refrigerated baffles which reduce the pumping speed 
by a factor of three or four and which consume liquid 
air at a rate which results in a total cost ten or more 
times greater than the heater power cost alone. 
When these factors are included the cost comparison 
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may not be unfavourable to ion pumps where an 
extremely clean vacuum system is desired. 


J. S. Foster, Jr. 
E. J. LOFGREN 
Radiation Laboratory, 
University of California, 
Berkeley, California. 


25th February, 1953. 
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The Deposition of Boron and B,C 


Sommaire 


DEUX METHODES de déposition de bore en forme élémentaire 
et en celle de carbure par évaporation dans le vide sont 
décrites. La matiére est chauffée par le passage de 300 
ampéres dans un creuset de graphite, formant 1’électrode 
d’un arc. Des couches de 60 ug/cm.? de bore élémentaire 
et de 140 wg/cm.” de carbure ont été produites par une 
évaporation. Le procédé peut étre répété pour obtenir des 
couches plus importantes. 


THIN LAYERS OF elementary boron* and of boron 
carbide for use in B (ap) C and B (np) a processes 
have been prepared by evaporation. The problem is 
difficult because of the very high evaporation 
temperature and the great chemical reactivity of 
elementary boron. Small amounts of boron can be 
evaporated successfully from a thick tungsten strip 
which is very rapidly heated by 100 A for a short 
time. For large amounts there are other methods 
requiring complex glass vacuum systems, as described 
by H. I. Schlesinger’! and by Roland Kiessling’. 
Their methods seem to give very pure deposits. 

The apparatus described in this note is intended 
for medium amounts. A graphite crucible is used 
because it is easy to heat by passing a strong current 
through it. Graphite is also suitable, in spite of the 
fact that it easily forms a carbide with boron, because 
the carbide evaporates at a much higher temperature 
than the boron itself. 


* Used for example by H. Satis, Arkiv for Fysik, 3, 
No. 17; (1951); 331. 
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Fig. 1 shows the arrangement used. The electrical 
current from a transformer, capable of giving 300 
A at 10 V during a few minutes, is passed by two 
graphite electrodes through a graphite crucible on 
a carbon pillar. The heating power is generated 
in the gap between the crucible and the electrodes, 
which can be controlled from the outside, since the 
electrodes are brought out of the vacuum vessel 
through Wilson seals. The crucible is covered by a 
graphite shield with a central hole, so that the backing 
on which the boron is to be deposited cannot see the 
gaps mentioned. It is very important that the boron an 


charge should be shaped so that it has acentral channel 
through which as much elementary boron as possible : Se 
—about 50°—can evaporate before the carbide 
formation which proceeds from the walls of the 
crucible has penetrated the whole charge. Each 
charge (2 heatings) gave about 60 ug boron/cm.? at 
10 cm. distance. This work was made at a time when Bel | be 
we had no method of analysis to check the purity of | BS Scale 
the deposit, as the quantity was too small. But no mie 105 O10 20 30 40 somm 
measurable deposit will be formed on the backing if + 

the crucible is empty or filled with the remaining B,C, 
and it is thus safe to assume that the deposit is almost 
as pure as the elementary boron used for the charge, 
which contained about 10°, impurity. 

The layers showed interference colours, chiefly 
blue. By 5 repeated evaporations a uniform layer of 
0.3 mg/cm.” has been attained. 

Fig. 2 shows the arrangement for evaporation of 
the carbide. An arc is sustained between two 
electrodes, the lower of which is the crucible. The 
charge evaporates through a hole in the upper 
electrode, which shields the backing from direct 
radiation from the arc. The gap can be controlled by 
moving the lower electrode. The same transformer 
as for the boron evaporation was used. When the 
pressure in the crucible increases, a gas discharge will 
start. In the present set-up the time of evaporation 
is limited by the temperature rise in the surrounding 
glass vessel, which heats up rapidly, in spite of 
protecting metal shields. Boron carbide could be 
evaporated directly, but had a tendency to be thrown 
out of the crucible on melting. 80 ug/cm.’, at 10 cm. 
distance, could be obtained in two runs. It was found 
better to charge the crucible with elementary boron, 
which was first transformed to carbide by heating, 
during which process the backing was shielded. The 
carbide formed by the process showed no tendency to 
sputter on melting and could be evaporated entirely 
in 4 successive heatings (total evaporation time 6 
minutes). The pressure during evaporation was 10-* 
mm. Hg. 3mm. of the length of the crucible was 
consumed by the arc. About 140 ug/cm.? of deposit 
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Fig. 3 (Below). Fig. 4 (Above). 
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was obtained from each charge. 

The carbide deposit has a pitch black appearance 

quite different from the boron layers, and tends to 
flake off. 
General Remarks. The backing is a 0.07 mm. steel 
foil on a water-cooled holder (Figs. 3 and 4). In one 
case a 2 mm. copper disk was used. The backing foil 
is clamped between two brass discs, that towards 
the crucible having a circular hole in it which serves 
to define the area of the layer. 

The thickness of the deposit is determined by 
weighing. In the case of the copper disk a thin 
monitoring foil was mounted close beside the backing. 

Until the full evaporation temperature has been 
reached a shield between the crucible and the backing 
(Fig. 4) prevents volatile impurities from reaching the 
backing. 

Before evaporation the empty crucible in both 
experiments is degassed at a temperature a little 
higher than that used for the subsequent evaporation, 
until the pressure drops below 10-*mm. Hg and until 
no weighable deposit is to be found on the test- 
backing. 

The temperature in the hole of the crucible, as 
measured by a hot wire pyrometer, was 2,550°C for 
the evaporation of elementary boron. In the boron 
carbide experiment fusion occurred at 2,350°C and 
evaporation at 3,500°C. 


J. FLINTA. 
AB Atomenergi, 
Department of Physics, 
Drottning Kristinas Vag 47, 
Stockholm, Sweden. 
11th May, 1953. 
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Vacuum Seals for Continuously Evacuated 
Accelerator Tubes Operating in High Ambient 
Pressure 


Sommaire 
UNE METHODE de scellement de tubes accélérateurs par 
des résines synthétiques liante est décrite. Des resultats 
d’essais montrent que, a moins que la résine soit soustraite 
a la décharge électrique sous vide, celle-ci cause la formation 
de rides de carbonisées. Un joint assurant cette protection 
est décrit. 
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THE METHOD OF construction and severe operating 
conditions of accelerator tubes used in pressure- 
insulated Van de Graaff generators require the 
bonding resin to have characteristics such that (1) 
the joints are made preferably without complicated 
apparatus thus allowing easy assembly on site, and 
(2) it should be possible to break a joint by simple 
means and without damage to the joined parts. Of 
the material considered, the one that appeared to 
meet these requirements was a recently developed 
ethoxyline resin* which combines the advantage of 
setting at room temperature by the addition of a 
catalyst with that of being a low-softening point 
thermoplastic. The strength of the bond drops 
rapidly at temperatures in excess of 60°C so that when 
a joint between such materials of widely different 
coefficients of expansion, as porcelain and steel, is 
heated, it comes apart before the stresses set up by 
differential expansion become dangerous. Tensile 
shear tests carried out at about 20°C on brass and on 
steel specimens 1 inch wide with 1 inch overlap 
showed that the strength of the bond increased to a 
maximum of 0.75 tons/inch? if a pressure of at least 
15 p.s.i. was applied to the joint during the setting 
period. Under these conditions the thickness of 
adhesive had a mean value of just over 0.001 inch. 
This figure sets an upper limit to the machining 
tolerances of the parts to be joined, and a tolerance 
on flatness of 0.00025 inch or better should be 
specified for the tube components. Tests on vacuum 
tightness of a tube section which had been built 
before the mechanical test had been completed, 
showed that with insufficient pressure applied on 
setting the joints produced become ‘ leaky’ after a 
series of external pressure cycles in the range 0-300 
p.s.i. No further difficulties were experienced in this 
respect with any of the joints made subsequently. 
Tests on tube sections involving approximately 13 
metres of seal length showed apparent leakage rates 
of 0.003 lu/sec. or less with the external pressure 
varying from atmospheric to 300 p.s.i. This figure 
of 0.003 lu/sec. includes the outgassing rate of all the 
internal surfaces as well as that of the seal. A separate 
test using a steel strip coated with resin over an area 
equivalent to the seal area exposed to the vacuum in a 
tube section, showed that the contribution of resin 
outgassing to the total leakage rate was very small. 


Vacuum Seal Design. 


The vacuum seal used in an experimental tube 
built in this laboratory in 1950 is illustrated in 


* Araldite 101 and Hardener 951. Supplied by Aero 
Research Ltd., Duxford, Cambridge. 
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Fig. 1. The recess at the inner edge of the insulator 
was intended to protect the bead of excess resin 
squeezed inward from the bonded area, from direct 
bombardment as it was assumed that under these 
conditions the outgassing rate of the resin would 
be increased. The performance in service of this 
tube has been described'. In common with the 
experience of other workers operating tubes of similar 
construction, it was found that the maximum voltage 
that the tube could withstand gradually dropped with 
time and it was established that one of the causes of 
deterioration was the formation of carbon tracks on 
the inner insulating wall of the tube originating from 
electrically punctured points near the inner edge of 
the bonding resin. Fig. 2 shows a photograph of 
some of these tracks and Fig. | indicates the position 
of these punctures. It will be seen that puncture 
occurred at the points where the film of cement 


Fig. 1. First seal used by the authors. 


Legend: (1) Porcelain cylinders, (2) Mild steel dia- 
phragms, (3) Accelerating electrodes, (4) Bonding cement, 
(5) Position of punctures observed in the bonding cement. 


changes into a bead of uncompressed resin, at the 
point therefore, where both mechanical and electrical 
strength of the bonding cement is lowest. Now it is 
clear that in case of a vacuum surface breakdown 
two possibilities are open, namely : either the spark 
follows the contour of the cement bead or causes its 
puncture. 

Tests were made on a porcelain specimen, 10 inch. 
inside diameter 2; inch. high, cemented to mild 
steel plate electrodes and with the same seal design 
used in the experimental tube. A pressure of the 
order of 10-°mm. Hg was maintained and d.c. or 
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Fig. 2. Showing carbon tracks on the inner insulating 
wall of the tube originating from the puncture points. 


Fig. 3. Carbon tracks obtained experimentally. 
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impulse voltages up to 180 kV were applied, i.e. of 
sufficient amplitude to cause flashover along the 
vacuum surface of the insulator. With the test object 
at room temperature no resin puncture was observed 
but it was noted that the discharges were located at 
fixed points indicating the formation of ‘ weak spots ’ 
which in time might have led to visible track forma- 
tion. Puncture of the resin and heavy carbon tracks 
were readily obtained when the temperature of the 
test specimen was raised to the normal operating 
temperature of the tube, namely 45°C to 50°C, 
presumably owing to the lowered dielectric strength 
of the resin. Fig. 3 is a photograph of one set of 
tracks obtained in this way and a comparison with 
Fig. 2 will show the similarity with those obtained 
with the experimental tube, i.e. a thick carbon 
deposit immediately under the puncture point and 


Fig. 4. Modified vacuum seal designed in the light of 
experimental results. 
Legend : (1) Grooves, (2) Bonding cement. 


branching into thin conducting channels. 

It is obvious that with resin bonded tubes, no high 
temperature outgassing is possible, and although our 
experiments show that some conditioning may be 
obtained with low energy discharges when the tube 
is at a pressure of about 1 mm. Hg, i.e. in the pink 
glow discharge region, further conditioning of the 
tube is required with hard vacuum if the highest 
withstand voltages are to be reached”. It follows that 
during the conditioning period a large number of 
surface flashovers will certainly occur, many of which 
will cause cement puncture and the migration of 
disintegration products which is responsible for the 
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formation of the observed tracks. This process is 
not necessarily interrupted at the end of the con- 
ditioning period because the insulation of the tube 
can be stressed to high surge over-voltages which 
may cause it to break down). It is necessary, there- 
fore, that such breakdowns should cause the least 
possible damage to the vacuum seal, which must be 
so designed that the resin is protected against the 
effects of surface discharges. 

One design for the seal protection which on test 
has been proved satisfactory, is shown ijn Fig. 4. The 
seal is made by applying a measured quantity of resin 
to the parts to be joined, only the areas on the outside 
of the groove are wetted and the groove is of such 
dimensions as to take up the excess of resin squeezed 
inwards during the cementing process. 

The seal was tested with full scale models up to the 
maximum working temperature. A large number of 
voltage impulses of amplitude in excess of that 
required to cause surface flashover in the vacuum 
were applied. These impulses did not cause the 
formation of the carbon tracks which had been 
observed with the original type of seal. This design 
has been adopted for use in a new tube at present 
under construction in this laboratory. During the 
tests with this seal, short, faint traces of incipient 
metallic tracks were seen on the surface of the in- 
sulator at the cathode end. Such tracks are formed 
by metal evaporation and migration from the root of 
the spark on the metallic diaphragm acting as cathode. 
Given sufficient energy in the discharge and a 
sufficient number of discharges, these metallic tracks 
would enlarge and lengthen and so would cause a 
reduction in flashover voltage sufficient to disturb the 
normal operation of the tube. Our tests showed that 
this process is slow compared with that of carbon 
track formation due to the puncture of resin. It will 
however limit the effective life of a tube in that this 
will require periodic cleaning. The measures taken 
to reduce the energy of the discharge and their 
number and so to increase the life of the tube, will be 
described elsewhere. 


Conclusions. 

Seals made with organic adhesives should be 
protected against the effects of vacuum surface 
flashovers which cause carbon track formation. If 
a large number of intense discharges are allowed, 
metallic tracks are formed and although the process 
is slow, it will limit the life of the tube. 


The authors wish to thank Mr. H. A. Adam who 
carried out all the mechanical tests on the resin and 
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Simple Vacuum Seals 


Sommaire 
L’AUTEUR A CONSTRUIT un joint rotatif qui represente un 
progrés par rapport aux joints Wilson ou a tore, con- 
ventionnels, car il rend inutile de former les composants 
en caoutchouc ou neopréne aussi exactement que dans les 
cas ci-dessus. Differentes variantes du nouveau joint 


sont presentées. 


The usual types of rotary vacuum seal require 
carefully shaped rubber or neoprene units. The 
Wilson seal, for example, is satisfactory only if the 
central hole in the neoprene disk is very accurately 
cut; the O-ring seal needs an accurately shaped 
neoprene memiber. Accurate shaping of the neoprene 
is avoided in a seal recently designed by the author!. 
The essential parts of this are (a) the rotating member 
consisting of a shaft to which an annular rim is 
attached, (6) the body in the form of a cup in which 
the annular rim rotates, (c) a neoprene sheet pressing 
on the body and the rim. The present paper 
describes several modifications of the original seal 
which have been devised for special purposes. 

Type A: Simple Rotary Seal. This form of seal, 
which is suitable for light duty, is shown in Fig. 1. 
It consists of the body A, in which rotates the shaft B, 
having a rim C attached via the disk D. Cand D are 
machined in one piece and hard soldered to the 
shaft B. The neoprene washer E is held in position 
by the screwed nut F, which is provided with a lock- 
nut G. The face of the body on which the neoprene 
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Fig. 4. Air leak. Neoprene disk is sprung into 
an undercut on the main body. 


Fig. 3. Seal for current lead, 
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rests has a raised ring to ensure a better seal between 
the body and the neoprene. It is also necessary for 
the top of the rim to be above the top of the body to 
ensure a good seal between the rim and the neoprene. 
The advantage of this seal over the original design is 
that the elasticity of the neoprene is used to better 
advantage. For aseal witha shaft diameter of inch, 
a suitable size for the rim is ; inch diameter and for 
the overall diameter ? inch. Seals of this type, or of the 
form already described', are very suitable for control 
shafts. A seal used to operate an air-lock on an 
electron diffraction camera has not needed servicing 
for six months. The lubrication between the rim 
and the neoprene is, however, insufficient for this 
type of seal to be used for continuous operation. 
Type B: Seal for Continuous Rotation. When 
continuous rotation of the shaft is needed, the seal is 
constructed as in Fig. 2. The body X is similar to 
that used in the previous design. At the bottom of 
the cup is placed a hardened steel washer Y. The 
shaft Z has a disk hard soldered to it. On one side 
of this disk is soldered a triangular rim R (instead of 
the circular rim of Fig. 1) while the other side has 
three shallow holes drilled symmetrically about the 
centre of the shaft and carrying three steel balls S 
which bear on the steel washer Y. A standard thrust 
ball race could be used in place of the steel balls and 
washer. The neoprene washer is fitted on to the body 
of the seal as in the previous case. The triangular 
rim is packed with apiezon grease and while running 
distributes this over the undersurface of the neoprene. 
Type C: Seal for a Current Lead. The con- 
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struction of this seal is shown in Fig. 3, which is self- 
explanatory. This type of seal has the advantage that 
the neoprene provides insulation on one side. An- 
other advantage is that it can be quickly and easily 
constructed from standard screwed rod and a 
suitable brass or steel disk. The range of possible 
sizes is very large. 

Type D : Atr-Leak Seal. The construction of this 
type of seal is evident from Fig. 4. 

The leak rate of these seals has been studied using 
a McLeod gauge. It has been found that the leak of 
the stationary seal is appreciably better than 10°* 
lusec. When rotating, the leak rate is of the order o 
10-? lusec, which is of no consequence when the seal 
is used for manipulation, as the manipulation time is 
usually negligible compared to the total pumping 
time. Even when used for continuous rotation, the 
leak rate is not serious when the seal is used on fairly 
large systems. Thus, it has been used successfully 
on an X-ray tube operating at a pressure of about 
10-*mm. Hg having a volume of 3} litres using a 
pump of a nominal speed of 20 litres /sec. 


A. G. HAYWARD. 
The University, 
Reading, 
Berks, England. 


28th November, 1952. 


1 Haywarpb, A. G., J. Sct. Instrum., 29, (Dec. 1952) 410. 


BOOK REVIEWS 


Demonstrations in Modern Physics. By M. C. 
Nokes. (William Heinemann Ltd., London, 1952). 
Pp. 134. Price 10s. 6d. 


For some decades past, and particularly since 
the war the significance of Physics has been in- 
creasingly recognised by everyone. Wireless, tele- 
vision, electronic devices of all Kinds, X-rays, 
radioactivity, atomic energy, etc., are transforming 


our ways of life and modes of thinking and it is natural 
that the subject whose study has yielded these 
astonishing results should excite the interest of all 
enquiring laymen. A vast flood of literature—books, 
reviews, etc.—pours out at an increasing rate to meet 
this widespread interest, not only in the technological 
developments but also in the broader philosophical 
and social implications of these great developments 
in physical science. There is a great demand for an 
increasing number of physicists and technologists, 
and it is also of the greatest importance that there 
should be among all citizens a fuller understanding 
of the meaning and significance of the scientific out- 
look and approach to problems which is the denomin- 
ating characteristic of our times. For both these 
reasons it is understandable that there should be a 
greatly increased interest in the subject of physics in 
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schools both as a specialist subject in the higher 
forms for those intending to take up scientific and 
technological work, and also as a vital contribution 
to general education. This situation provides for the 
teacher of physics a great opportunity and responsi- 
bility and at the same time presents him with 
problems and difficulties. 

In this book, ‘Demonstrations in Modern 
Physics’ Mr. M. C. Nokes, the Senior Science 
Master of Harrow School, tackles one of the most 
important of these problems, that is the provision of 
appropriate practical work in atomic physics. Most 
schools today—though unfortunately not all—are 
reasonably equipped to deal with classes in practical 
physics along well established lines and there is a 
large number of excellent texts devoted to the subject. 
But many of the fundamental experiments in the 
development of modern atomic physics are usually 
regarded as too difficult for demonstration in schools 
and consequently are dealt with solely by the ‘ chalk 
and talk’ method. Mr. Nokes rightly deplores this 
and his specific object in this little book is to show 
something of what can be done to remedy this by 
means of relatively simple apparatus, much of it 
home-made. He writes: ‘ The factors which limit the 
activities of the Science teacher are lack of time and 
money, but with determination these limitations can 
be overcome. Time can always be found to do the 


things which interest us most and lack of funds, 
though more serious, is a challenge to our ingenuity ’. 
All would agree that this is the right and indeed the 
only spirit in which to approach the task of teaching 
physics and, fortunately, there are many teachers up 
and down the country who are inspired by it. None- 


theless it is highly important that education 
authorities should realise what is involved in really 
successful science teaching and see to it that the 
enthusiasm of the teacher is given reasonable 
encouragement in the matter of both time, facilities 
and funds. This is by no means always the case and 
in these days when there is so much proper concern 
over the lack of sufficient number of qualified 
physics teachers, the matter is one of great import- 
ance. Quite apart from salary considerations, it is 
not to be expected that first-class physicists will 
devote themselves to school teaching if their 
enthusiasm is cramped and their efforts frustrated 
by a cheese-paring policy which denies them both 
the time and funds necessary to make a real success 
of the work. 

The scope of the book is indicated by the Chapter 
headings : Conduction of electricity through gases; 
Demonstrations with the diffusion pump; Measure- 
ment of e/m for electrons; Positive ray parabolae; 
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Transmutation of lithium; The Brownian movement; 
Millikans apparatus ; Radio activity; X-rays ; Spectra. 
It is essentially a practical book full of detailed in- 
structions on the construction of apparatus and 
experimental technique. It is clearly the record of 
experiments actually performed and every chapter 
gives evidence of Mr. Nokes’ skill and ingenuity in 
overcoming difficulties. He stresses particularly 
the value to the Physics teacher of acquiring a fair 
skill at glass blowing and he calls attention to the 
great help that can be obtained from the use of new 
materials. Much of the work he describes needs 
means of producing high vacua and he devotes a 
valuable section to describing in detail the making of 
a glass diffusion pump. In this connection it may be 
worth commenting that the use of metal generally in 
high vacua systems seems to have been largely 
ignored. As most schools have some workshop 
facilities it would seem that metal would be more 
suitable for much of the apparatus. A metal diffusion 
pump would be more easily made and more likely to 
be successful; so also would metal P,O, traps. Among 
the many excellent experiments described in the book, 
particular attention may be drawn to those on the 
Brownian movement, Millikan’s method of determi- 
nation of e, radioactivity, spectra and X-rays. It is 
very good to see some attention paid to the Brownian 
movement. A demonstration of which can be of the 
greatest value in the teaching of elementary ideas of 
the kinetic theory. In the section on radioactivity a 
simple form of a Wilson cloud chamber is described 
and attention is drawn to elementary experiments 
that can be made with nuclear plates. These are so 
interesting that it is surprising, more use has not been 
made of them in schools. A simple but effective 
grating spectroscope is described in the chapter on 
Spectra and in the final section of the book on X-rays 
details are given for the construction of a filament- 
type demountable tube and of the photography of an 
X-ray spectrum using the focussing properties of a 
bent crystal (mica). The spectra obtained in this 
experiment are excellent and a fine achievement. 

Doubtless there are some who will feel that much 
of what is attempted in this book goes further than is 
desirable or possible in a School Course and from the 
narrower point of view of examinations they may have 
some justification for their view. But it will be 
generally agreed that it is teaching of this kind which 
inspires a real enthusiasm for the subject. 

Mr. Nokes is to be warmly congratulated on a 
little book for which many Physics teachers will be 
very grateful to him. 

F, Y. POYNTON 
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of vacuum interest 


The Editor will be pleased to consider for publication in this 
column news items and personal notes of interest to vacuum 
workers. 


Lectures 


March 11th, 1953 at 5.30 p.m. 

Steam Jet Refrigeration 

Lecturer : R. Plank 

Held at : King’s College, London, W.C.2 
Arranged by : The University of London 


March 27th, 1953 at 7 p.m. 

Modern Developments in the Technique of High Vacuum 
Measurements 

Lecturer : 7. Blears 

Held at : The College of Technology, Manchester 

Arranged by : The Institution of Electronics 


June 17th, 1953 at 10.15 a.m. 

The Metallisation of Plastics by Vacuum Evaporation for 
Functional and Scientific Purposes 

Lecturer : L. Holland 

Held at : Conference Hall, Olympia, London, W.8. 

Arranged by : British Plastics Exhibition and Convention 


July 23rd, 1953 at 9.45 a.m. 

Various Papers on Ultra High Vacua 

Lecturers : ¥. Leech, 7. H. Mason, D. Alpert, R. L. 
Fortescue, S. Wagener 

Held at : Clarendon Laboratory, Oxford 

Arranged by: The Electrical Research Association, The 
Institute of Physics and The Physical Society. 
(Conference on Ionisation Phenomena in Discharges). 


NORTHAMPTON POLYTECHNIC, ST. JOHN STREET, LONDON, 
E.c.1. holds a ‘Summer School In Vacuum Technology’ 
from Monday, September 7th to Saturday, September 19th, 
1953. Details will be given in the next issue. 


Licensable Patents 


THE NATIONAL RESEARCH DEVELOPMENT CORPORATION* 
which is responsible for the exploitation and, where 
necessary, development of inventions received from 


* Enquiries can be addressed to: Dr. B. J. A. Bard, 
Industrial Manager, The National Research Develop- 
ment Corporation, 1 Tilney Street, London, W.1, 
England. (Tel. : Grosvenor 5431.) 


the expenditure of public funds (see Volume I No. 4 


Vacuum Vol. II No. 3 


page 303) has sent us particulars of further patents, 
as follows :— 


Pat. ApplIn. No. 1046751. Vacuum Deposit Films 


A means is described for the preparation of facetted 
surfaces for optical purposes where a stencil (e.g. a 
wire grid) is so positioned in the field of vapours from 
vacuum vaporised material that the umbra and 
penumbra at the backing to be coated are located 
appropriately to produce the form of coating required. 


Pat. Appln. Nos. 10827/52 (cognate with 19639/ 
52,25061/52). Apparatus for the Vaporisation 
of Materials 


The above invention relates to an improved means 
of supporting materials to be vaporised at low 
pressures on a straight refractory element, in or on 
which is formed a helical groove. The material to be 
vaporised, which is most convenient in wire form, is 
contained within the groove and the element, usually 
of tungsten, is heated electrically. Means for 
supporting the element by connections of low 
electrical resistance are described, together with 
forms of shields to reduce radiation from the heated 
element. Elements constructed according to the 
above invention are claimed to overcome many of 
the difficulties experienced with conventional 
methods and to be of longer life because of reduced 
reaction between the element and material to be 
vaporised. 


Pat. Appln. No. 3100852. Apparatus for the 
Vaporisation of Materials 


A constructional form of apparatus is described for 
the vaporisation of special materials, e.g. quartz and 
radioactive materials in which good electrica| 
connection of low heat capacity is secured between a 
hollow heating element and electrical conductor. A 
radiation shield as described in the above invention 
together with a slit in the tubular element permits 
directional control of the issuing vapours. 


Industrial 


July, 1953 


THE NATIONAL RESEARCH CORPORATION, Cambridge, 
Massachusetts, U.S.A., has acquired a 25°, interest 
in Leybold - Hochvakuum - Anlagen G.m.b.H., 
Cologne, Germany, a newly formed subsidary of 
E. Leybold Nachfolger. 
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Professional 


July, 1953 


United Kingdom. IN ANSWER TO A WIDELY FELT NEED 
for standardisation in the field of vacuum engineering, 
the British Standards Institution* has decided to 
form a committee for the purpose. The immediate 
task of the committee will be the compilation of a 
vocabulary of technical terms which require authen- 
tication in view of the growing confusion in the 
nomenclature used in this field. The committee will 
have its inaugural meeting in the autumn of the 
current year. 


* 2 Park Street, London, W.1. (Tel. : Mayfair 9000.) 
e 
July, 1953 


Germany. SOME TIME AGO the Verband Deutscher 
Physikalischer Gesellschaften (VDPG) and the 
Verein Deutscher Ingenieurs (VDI) each formed a 
committee to deal with vacuum technology as far as 
it entered their own sphere of interest. As the 
application of vacuum processes in industry gathers 
momentum close co-operation between physicist and 
engineer becomes increasingly important. In recog- 
nition of this trend both organisations agreed during 
a meeting in April, 1953, to merge their vacuum 
committees into a joint body called the vAcuUM 
STUDY GROUP. Professor R. Jaeckel (Bonn) + formerly 
the chairman of both the independent committees 
has been confirmed as the chairman of the joint 
committee. The main task of the new body is to 
compile and disseminate technical information on 
vacuum ‘of interest to the scientist and industrialist. 
Its first working meeting is to take place at Innsbruck 
(Austria) during the annual conference of the 
German Physical Society, September 19th-26th, 
1953. The provisional agenda of the meeting 
provides for lectures on : The working principle of 
booster and diffusion pumps, leak detection methods, 
comparative merits of various types of vacuum gauges 
and vacuum furnaces. 


+ Physikalisches Institut der Universitat, 6 Nussallee, 
Bonn (Germany). 


July, 1952 
Personal 


SIR JOHN COCKCROFT, the Director of the Atomic 
Energy Research Establishment, was made a K.C.B. 
on the occasion of the Coronation of H.M. Queen 
Elizabeth IT. 


SIR EDWARD APPLETON, Vice-Chancellor and Principal 
of the University of Edinburgh, will receive the 
honorary degree of a Doctor of Law on September 
2nd 1953 at Liverpool University. 


PROFESSOR K. M. G. SIEGBAHN, Chairman of the Nobel 
Committee for Physics, Stockholm has been elected 
an Honorary Fellow of the Royal Society of Edinburgh. 


SIR ERIC RIDEAL, Professor of Chemistry at Kings 
College, London University, has been appointed 
Chairman of the Advisory Council on Scientific 
Research and Technical Development of the Ministry 
of Supply. 


Miscellanea 


L. G. E. BELL, in a letter to Nature, contributes certain 
facts to the history of freeze-drying tissues. It is 
generally assumed that Altmann was the first to 
publish on this method. That was in 1890. Mr. 
Bell however, finds that the French writer Edmond 
About mentioned freeze-drying in a novel entitled 
L’Homme a l’Oreille Cassée, which he published in 
1862. In this novel About describes how a German 
scientist successfully preserves the body of a French 
prisoner during the Napoleonic Wars by freezing the 
body and carefully dehydrating it in vacuum over 
sulphuric acid and calcium chloride. All technical 
details mentioned in the narrative agree with the basic 
principles of the freeze-drying method as known 
today. 


| 
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VACUUM 
CLASSIFIED ABSTRACTS 


Vacuum Research, Apparatus and Instruments 


The publishers endeavour to make the compilation of abstracts published in this section as comprehensive as possible, but cannot 
undertake to trace and quote all relevant information published on these subjects. 

All abstracts are formulated strictly in accordance with the contents of the original publication, but the publishers are not responsible 
for such mistakes as may have been made in abstracting, Statements or opinions expressed in the publications quoted do not necessarily 
represent the experience and/or opinions of the publishers. 
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Classified Abstracts 


Arrangement of Subjects 


All abstracts published in this section are allocated to one or more of the subjects shown in the following list : 


(I) General Science and Engineering 


VACUUM ENGINEERING — GENERAL 15 — PHYSICS 
16 — CHEMISTRY 


17 — METALLURGY 


ELECTRICAL SCIENCES 18 — 
MECHANICAL SCIENCES 19 — SCIENCES (other than the above) 


(II) Vacuum Apparatus and Auxiliaries 


— MATERIALS 


PUMPS 

GAUGES 

MEASURING PLANT — VACUUM 
INSTRUMENTATION 


to bo 
SND 


— APPARATUS COMPONENTS 
MISCELLANEOUS APPARATUS 


t 

to 
co 


to tt 


(III) Vacuum Processing Techniques 


EVAPORATION 
CATHODIC SPUTTERING : - DRYING 
: METALLURGICAL PROCESSES 


IMPREGNATION : DISTILLATION 
FUMIGATION 39 — MISCELLANEOUS PROCESSES 


(IV) Special Subsidiary Subjects 


GASES & VAPOURS 5 — ELECTRONICS 


FREEZE DRYING 
GLASS PROCESSING 


Indices 
Three indices are appended to each issue of abstracts: (1) A Cumulative Subject Index in front of the text. 
(2) a Cumulative Author Index at the back of the text and (3) a List of Periodical Publications quoted. 
Index (1) and (2) will show all abstracted information published up-to-date in the current volume of the journal. 


Filing of Abstracts 


All pages containing the text of abstracts are printed on one side only and are detachable ready for filing in 
special folders. Each main group of subjects (I, II, III, 1V) starts on a separate page in each issue and all 
abstracts in any one group are numbered consecutively throughout all issues of a volume. To distinguish the 
current numbers of abstracts belonging to one of the four groups from those allocated to other groups, the 
group number is shown as a suffix to the current number of the abstract, e.g., 20/I as distinct from 20/II, ete. 


Translations 
Translations of some of the foreign publications quoted can be supplied. 
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Cumulative Subject Index, Vol. II (1952) 


Developments 1/1; 
Distillation 4/ I 
Electrolytic Polishing 73/1; 
Freeze Drying 13/1; 
Gas Supply to Vacuum n Systems 
Gettering 69/1; 
Industrial Applications : 8/I 
Introduction of Powdered Materials into 
Leak Detection 67/1 
Metallisation O/T: 
Metallurgy 121/1 
Miscellaneous Applications 129/1 
Pumps 2/1 
Residual Gases ; 5/I 
Training and Education 16/1; 
6/1; 


Vacuum Systems (Design of—) 


13 — ELECTRICAL SCIENCES — 13 


Circuitry 75/1; 
Dielectrics (Conductivity Phenomena of—) 140/I; 
Filaments 1S7/1: 
Insulation in acuum 76/1; 
Lamps 
Rectification 18/1; 
Semi-Conductors 18/1; 
Television 81/I; 
Thermistors 82/ iT; 
20/1; 


Acoustical 


Transformers ... 


Design of Vacuum Vessels ... 


83/1; 


Atomic 
Cosmic Rays wis 96/1 

Crystals (Metallic—) 86/1 

Filters (Optical—) ae 29/1; 
Hardness of Materials (Testing Methods) 144/1; 
Infra-Red Radiation and 
Low Temperature Ne 23/1; 
Mesons 22/1 

Microscopy (Light—) 154/1 

Minerals 144/1; 
Multiple- -Beam Interferometry 150/1; 
Optical—General _... 26/1; 
Optical Methods of Measurement ... ve 90/1; 
Permeability of Materials 23/1; 
Photo-Conductivity 30/1 

Radioactivity 33/1 

Spectroscopy (Infra-Red) 35/1; 
Surface Studies of Solids 38/1; 
Thermodynamics 2 97/1; 
Ultra-Violet (Vacuum—) 93/1; 


63/1; 
122/I1; 


14/1; 
120/1; 


118/I; 
70/1; 


62/1; 
66/1; 


131/I; 
76/1; 
132/I; 
80/1; 


19/1; 
19/1; 


84/1; 


15 — PHYSICS — 15 


153/I1; 


113/1; 


15/1; 


119/I; 


65/1; 


113/1; 


77/1; 
78/1; 


146/1; 


28/1; 


37/1; 
32/1; 
85/1; 


73/1; 


12/1; 


116/I; 


114/I; 


133/1; 


138/1; 


14 — MECHANICAL SCIENCES — 14 


141/I; 142/1; 


87/1; 


88/1; 


Abstract No. 


I — General Science and Engineering — I 
(For Abstract Nos. 1/1-61/I see January issue) 


10 — VACUUM ENGINEERING (GENERAL) — to 
126/1; 


123/1; 


71/1; 


115/1; 


134/1; 


139/I = 


89/1; 


91/1; 


For information published in the first volume under these or other headings see October 1951 issue. 


124/1; 


72/1; 


120/1; 


135/ 


94/1; 


92/1; 


(For Abstract Nos. 62/I-111/1 see April issue) 


125/1; 


127/%; 


147/1; 


151/I1; 


128/1; 


148/I1; 
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Cumulative Subject Index, Vol. II (1952) 


Contd. 


- For information published in the first volume under these or other headings see October 1951 issue 


Subject Abstract No. 


16 — CHEMISTRY — 16 


Catalytical ... 49/1; 50/1; 51/I; 
Fatty Acids ... 44/1; 45/1; 101/I; 
Gas-Solid Reactions . : 

Gelatine and Glue ... 

Halogen (Analysis of) 

Hydrocarbons ; 47/1; 48/1; 
Micro-organisms ; 160/1; 161/1; 
Moisture Determination ; 104/1; 155/I1; 
Vapour Density Determination ; 

Vitamins 


Beryllium 

Iron and Steel sea : 
Levitation of Solid and Molten Metals 

Magnesium 

Molybdenum .. 

Oxidation of Metals . 

Plating of Ceramics 

Pyrolitic Coating 

Sealing Porous Castings 
Titanium ae /1; 56/1; 166/1; 170/I; 
Tungsten 

Uranium 


Zirconium... 54/1; 57/1; 58/1; 166/1; 167/1; 168/1; 


108/I; 170/1; 


19 — SCIENCES (other than the above)— 19 


Films Non-Vacuum Methods 


II — Vacuum Apparatus and Auxiliaries — II 
(For Abstract Nos. 1/II-44/II see January issue) (For Abstract Nos. 45/II-82/II see April issue) 


20 — PUMPS — 20 


Charged Particle Accelerators (Vacuum 
Plant for—) ... 

Circulating Pump 

Diffusion Pump >; 47/11; 84/11; 

Fluids (Pump—) __... 5/II; 6/11; 47/1; 

Ionisation Pump... ; 83/II; 

Jet Pump _.... ; 

Radio-Activated Gases es (Vacuum Production 
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Cumulative Subject Index, Vol. II (1952) 


Contd. 


For information published in the first volume under these or other headings see October 1951 issue. 


Abstract No 


Subject 


21 — GAUGES — 21 


Developments 9/II; 87/II; 
Diaphragm Manometer 16/1; .17/H; 
Differential Manometer 17/11; 92/11; 
Gauges (Various Types of) 10/11; 
Ionisation Gauge... 12/83; 55/15;. 89/H; 90/H; 
Knudsen Gauge 15/11; 91/II; 
Mercury-Column Manometer 18/11; 51/IT; 
Philips-Type Gauge 13/11; 54/11; 
Pirani-Type Gauge ... os 8/11; 52/11; 88/II; 
Pressure Measurement (Various Methods 

Thermocouple Gauge 53/II; 


22 — MEASURING PLANT (VACUUM) — 22 


Balance (Vacuum—) 93/II; 94/11; 

Electron Diffraction 60/II; 

Electron Microscope 24/11; 25/11; 58/11; 95/11; 96/11; 98/11; 

Mass Spectrometer ... 19/11; 20/11; 21/11; 22/11; 23/11; 61/H; 62/H; 

Specimen Preparation 24/11; 26/11; 27/11; 59/11; 95/11; 96/11; 97/II; 
98 /II; 


26 — MATERIALS — 26 


Adhesives... SORA: 

Carbon and Carbon Products 30/11; 99/11; 100/11; 101/11; 

Mercury 28/11; 63/II; 64/11; 105/II; 
Plastics 103/II; 

Properties of Materials (Vacuum—) 


COMPONENTS — 28 


28 — APPARATUS 


O Diaphragms ... 115/II; 
Leaks (Controlled—) 68/11; 69/II; 
Lubricators ... 32/11; 
Seals (Other than Shaft—) .. 37/11; 71/11; 111/11; 113/11; 114/11; 
Seals (Shaft—) 70/11; 109/11; 110/11; 
Traps ... 34/11; 106/11; 107/11; 


29 — MISCELLANEOUS APPARATUS — 29 


Cloud Chamber 72/11; 116/11; 

Crystalliser_ ... 73/11; 

Dust Concentration (Determination 75/11; 

Gases (Storage of Liquefied—) 44/11; 74/II; 

High Altitude Test Chambers 118/II; 

Leak Detector 39/II; 40/11; 41/11; 42/11; 76/11; 77/11; 78/1; 


/ 
79/11; 122/11; 123/11; 


Pressure Changes (Production of Con- 


trolled—) was 80/11; 
Pressure Control" .. 38/11; 119/11; 120/11; 121/11 
Vapour Pressure of Materials (Determination 

of—) 43/II1; 81/II; 82/11; 
Windtunnel (Low Density Supersonic—) .. 117/11; 
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Cumulative Subject Index, Vol. II (1952) 
Contd. 


For information published in the first volume under these or other headings see October 1951 issue. 


Subject Abstract No. 


III — Vacuum Processing Techniques — III 
(For Abstract Nos. 1/III-67/III see January issue) (For Abstract Nos. 68/III-125/II see April issue) 


30 —- EVAPORATION — 30 


Alloys (Deposition of—)__ ... is 88/III; 

Aluminising of T.V. Tubes 92/III; 

Aluminium ... 87/II1; 

Contamination of Films... 12/11; 

Crucible Techniques .. : 86/II1; 87/111; 

Glass (Deposition of Metal on—) ... a 13/III; 

Graticules (Manufacture of—) 10/111; 95/111; 

Metals (Deposition of Common—) 3/IIl; 82/111; 89/II; 90/111; 139/1IT; 

Metals (Deposition of Precious—) ... 142/111; 

Metals (Deposition of ‘ Rare’—) ... 18/111; 

Multiple-Layer Films 94/III; 135/111; 141/111; 

Oxide Films ... 20/IIL; 25/111; 26/111; 77/111; 78/11; 136/111; 
137/111; 

Pattern Coating (Methods of—) ... 91/III; 

Photo-Sensitive Layers 15/111; 16/111; 75/111; 76/111; 138/III; 

Physics of Evaporation 71/111; 

Plant (Various Designs of—) 4/IIl; 5/111; 6/111; 83/111; 84/1; 85/1; 
126/II1; 

Plastics (Deposition of Metal on—) 4/IIl; 14/III; 

Process Control 128/III1; 

Properties of Films (Electrical—) 20/111; 139/IIL; 140/111; 142/111; 

Properties of Films 74/111; 133/111; 

Protective Films ; 78/111; 79/II1; 

Quartz Films .. 24 /II1; 

Reflecting Films 94/III; 132/III; 

Reflection Reducing Films ... 8/11; 132/111; 134/111; 

Semi- -Transparent Films... 93/TI1; 

Slits (Production of Small—) 96/TII; 

Sorption of Gases by Films 22/111; 23/111; 143/III; 

Structure of Films... 72/111; 73/11; 

Thickness of Films (Measurement of—) 80/IIl; 81/111; 130/111; 131/111; 

Thin Films—General 2/111; 68/II1; 69/111; 70/IIL; 
145/II1; 


Thin Films—NMiscellaneous Applications 146/IIT; 


31 — CATHODIC SPUTTERING — 31 


Conducting Films (Electricity—) ... 151/TIL; 152/1I1; 

Metals (Deposition of Common—) 

Metals (Deposition of ‘ Rare 

Oxide Films ... 151/11; 152/11; 

Physics of Sputtering 101/111; 147/TI1; 

Properties of Films (Electrical—) 

Properties of Films  149/TIT; 

Structure of Films ... ; 

Thin Films—General 27/111; 97/111; 99/111; 100/111; 147/III; 
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Gases and Vapours continued 


Flow ... ; 33/IV; 50/IV; 
Hydrogen... bs ; 30/IV; 
Ionisation 

Oxygen ; 49/IV; 
Oxygen Determination (Methods of) 
Permeation ... ; 

Water Vapour 
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10 — VACUUM ENGINEERING (GENERAL) — to 


Vacuum Technique in Industry 

Belgium. The author reviews recent advances in vacuum technology generally and writes of the actual and 
potential benefits, vacuum engineering has to offer to industry. He considers pump design and pressure 
measurement devices preceded by a discussion of gas flow, adsorption and absorption phenomena. Finally, 
he mentions industrial applications already established, i.e. vacuum coating processes, vacuum fusion and 
vacuum impregnation procedures and freeze drying. 22 references. 


Sommaire : Revue des avantages potentiels et actuellement offerts a l'industrie par la technique du vide. 


High Vacuum Technique 


United Kingdom. The practical aspects of setting up a vacuum system are discussed. The working principle 
of the rotary pump and the diffusion pump is explained. In connection with the latter the following data on 


pump fluids is given : 


Pump Fluid Vapour Pressure at 25°C 

Apiezon A 1 x 10-’mm. Hg 

Apiezon B 1 x 10-7mm. Hg 

Butyl Sebacate 2 x 10-’mm. Hg 

Amoil-S 2 x 10-*mm. Hg 

Octoil 2°x 10-7mm. Hg 

Octoil-S 5 x 10-8mm. Hg 

Silicone 5 x 10-’&mm. Hg 

Mercury 3 x 10-*mm. Hg at -89°C 
Mercury 2 x 10-?7mm. Hg at -180°C 


When very low pressures are required, say below 10-8mm. Hg, an all-glass system is preferable to a metal 
system but the use of.greased cones should be avoided. Greases with a very low vapour pressure, approximately 
10mm. Hg at room temperature, are available but, if heated to 300°C, their vapour pressure rises to a value 
of the order of 10-*—10-*mm. Hg. The author continues by describing the basic features of the various known 
pressure gauges, i.e. the McLeod Gauge, Knudsen Gauge, Pirani Gauge, Penning Gauge and hot-filament 
Ionisation Gauge. A brief review of the more important leak detection methods is added. 


Sommaire: Description detaillée de tous les éléments formant une installation a vide. Des conseils pouvant 
aider le constructeur sont ajoutés. 


Vacuum Vessel Construction Techniques and Sealing Methods 
See Abstract No.: 141/I 


Some Properties of Plastics and the Use of Plastic Apparatus at Low Temperatures 
See Abstract No. : 142/I 


Electromagnetic Mercury Pumps for Circulating Gases 
See Abstract No. : 86/II 


A Method for Introducing Sublimable Material into a Vacuum System 

United States. The experimental apparatus described in this note was employed in investigations of the crystal 
structure of dimethyl-beryllium, an extremely reactive sublimable solid. The sublimation chamber consisted 
of a glass tube with a wide portion to serve as a reservoir and a narrow portion to which a number of capillaries 
had been joined. The narrow portion carried a stopcock-controlled connection to the vacuum pump and the 
wide portion a standard taper ball-and-socket joint. The material was stored in a closed Pyrex tube. In 
order to introduce it into the chamber one end of the Pyrex tube was lightly scraped and subsequently placed 
into the ball-and-socket joint. After evacuation of the chamber the pump was cut off by the stopcock, the 
Pyrex tube broken by moving it in the joint and the powder fed into the chamber. After sealing off the empty 
Pyrex tube the chamber was re-evacuated and the powder sublimed into the capillaries, Then, the capillaries 
were sealed off and removed. After completion of the process, the sublimation chamber containing the excess 
material could be joined to another system for filling more capillaries by the same method. 


Sommaire : Détails d’un dispositif développé pour introduire des poudres trés réactives et sublimables dans un 
systéme a4 vide. 
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The Production of Very High Vacua by the Use of Getters 
United Kingdom. A getter is defined as a material which can take up gas during any part of the final pumping 
period, to which a vacuum component, such as an electronic tube, is submitted subsequent to sealing-off. 
Electronic tubes require a pressure as low as 10°mm. Hg to ensure reliable operation. According to 
the above definition any component of a tube could act as a getter at certain times but this paper is 
confined only to those materials specially introduced into the tube for the purpose. There are two 
basically different types, flash getters and coating getters. Flash getters are activated by evaporation shortly 
before or after sealing-off condensing them as a substantially gas-free deposit on structural components of the 
tube, such as the envelope. The coating getters, on the other hand, are normally available as powder deposited 
on a carrier in the tube and become active by special heat treatment which liberates the occluded gases. These 
gases are carried off by the vacuum pump or, if the heat treatment is effected after sealing-off, are removed by 
a flash getter. Theoretical consideration of the characteristics of getters lead to the conclusion that the 
gettering rate is the most important single factor governing the pressure inside a tube. An experimental 
arrangement is described for measuring gas evolution and gettering rates similar to the one reported in Abstr. 
23/1 (Vol. 1) and 91/I (Vol. 1). There are two gettering mechanisms, contact and discharge gettering. The 
gettering rates obtained by contact gettering are very low compared with those which can be obtained by 
discharge gettering. The latter, therefore, has the greater practical importance. Experiments with barium 
getters appeared to prove that neither molecules nor ions produced the phenoma observed in discharge gettering. 
The particles taken up by the getter are either atoms or metastable molecules; in the case of oxygen, for 
instance, they appear to be atoms, in the case of nitrogen, metastable molecules. The gettering rate depends 
on the number of active gas particles, formed in the discharge, which can reach the getter. Metastable molecules 
change back into stable molecules after a certain time, atoms collide with others and revert to inactive mole- 
cules. The distance between discharge and getter has, therefore, an important bearing on the effectiveness of 
the getter. The same applies to the presence of any objects, such as electrodes, which may obstruct the free 
flow of the active gas particles in the tube. The capacity of getters is of primary importance where the volume 
of gas to be taken up is large compared with the amount of getter material available. The getter capacities 
known so far are shown in a table reproduced below. Finally, the reversibility of getter action and the part 
played by absorption and diffusion in discharge gettering are discussed. In the concluding paragraph the 
author examines the question which type of getter, coating or flash, offers greater advantages in practice and 
points out the difficulties inherent in the effective application of coating getters. 


Capacities of Getters 


Getter Amount of Gas Taken Up 


ature Oxygen | Vonoxide | Dioxide | Hydrogen Nitrogen 


Type of Getter | Getter Material 


micron- micron- micron- micron- micron- 
sas 6 litres/mg | litres/mg | litres/mg | litres/mg | litres/mg 
87.5 9.5 Ehbrke & 
0 Slack 


Barium Contact 300 15.2 — 5.2 
Magnesium | Contact 300 20 — 


300 0.38 0.0 
625 
675 1.99 — 

775 0.43 
1075 _ 3.65 


Flash 


Oo 


Av) Guldner & 
13.33 Wooten 


Ziroconium Contact 


Coating 


0.57 
3.04 


Thorium Discharge 350 -0.15 —0.03 Author 


950 


Sommaire : Revue d’ensemble de l'état actuel de nos données sur les getters. 


Gettering Process of Barium—Sorption Properties of Oxygen to Barium 

Japan. The authors dealt with the absorption of oxygen by a barium getter at room temperature in a previous 
paper (J.Phys. Soc. Japan, 5 (1950), 70). In the present article the authors investigate the sorption 
mechanism of the oxygen-barium system in the temperature range -180°C to -30°C. They found that the 
oxygen is merely physically adsorbed at the lower end of this temperature range. The theory is advanced 
that the adsorption is initiated by the formation of active centres on the barium surface which serve as 
adsorption nuclei. The activation energy for the physical adsorption at the lowest temperatures considered is 
estimated to be 0.3 to 0.9 Kcal/g.mol. At temperatures near the upper limit adsorption proceeds with the 
barium in a fully activated state. At temperatures higher than -30°C conditions at room temperature apply as 
explained in the previous paper, 7.e. chemical combination takes place and oxides form on the surface. When 
the oxide film has reached a certain thickness it cracks re-exposing the pure barium surface and thus restoring, 
at least in part, the absorption capacity of the getter. 

Sommaire : Les caractéristiques de getters au barium par rapport a l’oxygéne aux températures comprises 
entre -180° et 30° furent étudiées. 
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Vacuum-Measuring Technique 

Germany. A description is given of the instrumentation required for the proper control of typical vacuum 
processes such as evaporation, melting and casting, and distillation. An evaporation plant fitted with a 
diffusion pump coupled with a rotary fore pump and a second mechanical pump for the direct rough pumping 
of the chamber should be equipped with 3 thermo-couple gauges, one in the roughing line, one in the backing 
line and one connected to the chamber. The latter should be used for measurements in the rough pumping 
stage and an additional Penning-type gauge, connected to the chamber, for high vacuum indication during 
actual evaporation. The author continues by giving details of the performance of the thermo-couple gauge 
including a discussion of design modifications which facilitate the operation of the gauge in several pressure 
ranges. Details are also given of the Penning-type and hot filament ionisation gauge and finally a short 
account of the working principle of the alphatron gauge. Illustrations are added showing suitable centrally 
positioned recording units. 

Sommaire : Conseils relatifs aux instruments nécessaires pour la mesure de la pression dans des installations 
a vide. 


Electromagnetic Levitation of Solid and Molten Metals 
See Abstract No. : 164/1 


Molecular Distillation 
See Abstract No. : 163/III 


Freeze Drying Growing Up 
See Abstract No. : 54/IV 


The Survival of Bacteria During and After Drying 
See Abstract No. : 56/IV 


The Preservation of Biological Materials With Freeze Drying 
See Abstract No. : 55/IV 


On Cathodic Sputtering 
See Abstract No. : 147/III 


The Properties of Metallic Coatings Produced by Evaporation and Sputtering 


United Kingdom. Cathodic sputtering has been known for 75 years whereas thermal evaporation methods 
have been known only for just over 20 years. Sputtering requires a glow discharge in a gas, preferably argon, 
at an approximate pressure of 0.1 mm. Hg whilst vacuum evaporation is carried out at a pressure at least as 
low as 10-*mm. Hg. The effect of the nature of the carrier gas on the rate of sputtering is shown in a diagram 
illustrating the conditions for silver. Various methods of cleaning the receiving surface are discussed but it is 
pointed out that the abundance of gaseous ions in the sputtering chamber has a certain self-cleaning effect. 
Two drawbacks of the sputtering method are mentioned; deposition is slow and the receiving surface may 
warm up appreciably as it has to be in a position, fairly close to the hot cathode. Means of reducing the heating 
effects of the cathode are discussed. Details of a simple laboratory set-up for sputtering silver are given. 
In the production of highly reflecting silver coatings great care must be taken to avoid all contamination. 
Impurities may be present in the sputtering chamber in the form of organic vapours leading to dirty and 
discoloured silver deposits. Carbon, a product of organic vapours dissociating in the discharge, is difficult to 
remove and in serious cases the cathode must be replaced. Thermal evaporation is applicable to many metals 
and alloys including a number with high melting points and low vapour pressures. Details are given of an 
evaporation chamber of novel design developed by the author himself. The chamber has the form of a cylinder 
60 cm long and is closed with end plates carrying observation windows. A receiving surface is placed near to, 
and parallel with, each of the two end plates. The evaporation source, illustrated below, is situated in the 
centre of the chamber and made from tungsten strip bent into the form of one or several loops. 


On melting the metal charge fills the loop like a disc due to the forces of surface tension. The arrangement 
described offers the following advantages :- The evaporation source can carry a heavy charge. If the film 
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supports are transparent light can be passed through the deposits in order to check their thickness. The 
surface area of the molten metal is comparatively large; this counteracts the effects of any impurities present. 
A series of loops can be provided for the simultaneous evaporation of different metals. The deposition can 
be carried out at a very high rate. In conclusion, the author gives a description of the equipment employed by 
Professor Strong for the coating of the 200-inch. Mount Palomar telescope mirror. 


Sommaire : Revue des caractéristiques techniques des procédés d’évaporation et de projection cathodique sous 
vide, comprenant la suggestion d’une cloche a évaporation spéciale munie d’une source d’évaporation amélioré. 


Practical Considerations in the Application of Vacuum Coating for Metal Finishing 
See Abstract No. : 145/III 


Transparent Conducting Films on Glass 
See Abstract No. : 151/III 


The De-icing of Optical Instrument Windows 
See Abstract No. : 152/II 


13 — ELECTRICAL SCIENCES — 13 


A Simple Battery-Operated Pirani Gauge Power Pack 
See Abstract No. : 88/II 


The Initiation of Electrical Breakdown in Vacuum 
See Abstract No. : 60/IV 


A Self-Starting Low Pressure Mercury Arc 


United Kingdom. Raman Spectroscopy involves comparatively long exposures. In order to avoid the 
inconvenience of re-starting the mercury arc manually whenever it failed, an arrangement was provided which 
ensured automatic and instantaneous re-starting. The discharge tube was suspended with its axis slightly 
raised against the horizontal. The anode consisted of a spiral the outer winding of which nearly touched the 
wall of the tube. A small amount of mercury was kept in a special reservoir at the cathode end of the tube. 
The tube could pivot around its centre in the vertical plane. The d.c. supply circuit of the arc was linked by 
a relay with an a.c. circuit supplying a motor which carried a disc on its shaft. A pin on the disc engaged a 
lever fitted to the anode end of the discharge tube. When the d.c. supply was interrupted due to arc failure, 
O the motor-driven disc moved. As a result the lever pulled the anode end of the tube down to a position below 
the horizontal and the mercury inside the tube formed a connection between cathode and anode which was 
broken sharply enough to cause the discharge to start again. 


Sommaire : Moyen de re-amorgage automatique d’un arc a décharge de mercure aprés interruption. 


The Dispersion of Electron Beams in Gases 
See Abstract No. : 45/IV 


On the Measurement of Current Density at the Cathode of a Glow Discharge and Aston’s Law at Low Pressures 
and High Discharge Voltages 

Pakistan. Knowledge on the distribution of current over the cathode of a glow discharge is important for the 
theory of the negative end of an electrical discharge, but little has been published on the subject so far. The 
present article reports on an investigation of the conditions covering a wide range of discharge voltages, 
currents and pressures. The experimental arrangement consisted of a discharge tube 4.2 cm. diameter 
and 18 cm. long. The electrodes were 10 cm. apart and nearly 4 cm. in diameter. The cathode consisted of 
a solid brass cylinder, the centre part of which could be revolved by means controlled from outside. A 
hole 0.066 cm. wide was bored in the revolving part of the cathode approximately 1 mm. from it’s edge. Behind 
the cathode an auxiliary electrode was provided consisting of a hollow nickel cylinder nearly as wide as the 
cathode and closed at the farend. A current passed through the hole to this auxiliary electrode which consisted 
mainly of ions originated in the discharge and electrons originated in the walls of the hole. It was assumed 
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that the distribution of the current over the cathode was proportional to the total current received by the 
auxiliary electrode. The experiments were carried out at pressures ranging from 1.83 x 10 to 2.64 x 107mm 
Hg. The discharge voltage varied from 380-3,000 volts and the current from 0.3-8.0 mA. It is evident from 
graphs illustrating the experimental results that there is always a central portion of the cathode face over 
which the current is uniform. The size of this area depends on the discharge pressure only and increases with 
the pressure. Outside this area the current falls and reaches almost zero at a measurable distance from the 
edges of the cathode. A formula is given for the determination of the current density over the uniform area 
of the cathode. The authors calculated the discharge potentials employing Aston’s equation V = E + Fy/i/P 
where E and F are constants, 220 and 750 respectively for air 1/i is expressed in (mA/cm?)} x 10 and P the 
discharge pressure in hundredths of mm. Hg. The results are compared with the values obtained by experiment 
in a tavle partially reproduced below. The table proves that Aston’s law is valid for the portion of the discharge 
over which the current is uniformly distributed. 


Discharge ‘Discharge 
Discharge Volts Volts 
Current (mA) Observed Calculated 


Pressure 


2.18 0.50 1260 1252 
3.08 x 10° 1.3 1250 1266 
5.08 x 10% 1.35 780 781 
9.24 x 10° 2.4 590 577 


Sommaire : Détails des expériences entreprises pour établir la densité du courant dans une décharge luminescente 
a travers la surface de la cathode. 


Purification of Rare Gases by Activated Uranium 


United States. The use of activated uranium is suggested as a most convenient and effective means for the 
elimination of impurities from rare gases employed in experimental work, for instance in gas discharges. 
Reference is made to the preparation of uranium hydride as described in Abstract 79/I. Prior to filling the 
tube, the uranium hydride, contained in a side tube, is heated to about 400°C in order to remove the hydrogen. 
Subsequently the rare gas is admitted and the tube sealed off, if desired. At low pressures, usually employed 
in discharge tubes, the natural diffusion will be sufficient to bring the impurities into contact with the activated 
uranium. Sealed-off discharge tubes fitted with hollow cathodes made from iron used to become contaminated 
within two days. After the addition of activated uranium the same type of tube was in constant use 
for 5 months without showing any sign of deterioration. Activated uranium can also be employed 
to produce pumping effects. For instance, an ultimate vacuum of 5 x 10-’mm. Hg obtained with a mechanical 
pump can be reduced to 5 x 10-'mm. Hg the residual air having been stripped of all but its rare gas components. 


Sommaire: L’auteur suggére l’emploi d’uranium activé pour la purification de gaz rares dans les tubes a 
décharge. 


The Absorption of Gases on Metallic Filaments, Films and Single Crystals 
See Abstract No. : 47/IV 


Oxygen-Free Single Crystals of Lead Telluride, Selenide and Sulphide 
See Abstract No.: 145/I 


Apparatus for Electrical Measurements on Semi-Conductors 


United Kingdom. An apparatus is described which facilitates the measurement of the electrical properties of 
semi-conductor materials. Surface properties (e.g. contact rectification and photo-voltaic effects) and bulk 
properties (e.g. electrical conductivity, Hall effect, magneto-resistive effect and thermo-electric properties) can 
be investigated in an unbroken series of experiments without removing the specimen from the chamber. 
The temperature in the chamber can be changed from liquid air to + 200°C and the pressures from 
atmosphere down to 4 mm. Hg. A magnetic field of a strength up to 15,000 gauss can be provided. The 
apparatus is designed for specimens of rectangular size approximately 3 cm. long and $cm. high. The specimen 
chamber is made of brass and mounted between the pole pieces of an electromagnet. The specimen itself can 
be heated or cooled by two vertical tubes one at either end of the specimen support and filled with a cooling 
agent such as liquid air or, alternatively, fitted with electric heaters. This facilitates the production of high 
ambient temperatures or the establishment of large temperature differences between the two ends of the 
specimen. Electrical contact with the specimen is made by two nickel electrodes which carry thermo- 
junctions. There are also two potential probes mounted 3 mm. apart and one earthed Hall electrode in a 
central position making contact on the bottom side of the specimen. All electrical connections are carried 
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into the chamber through vacuum-tight ceramic seals. The apparatus has been used for experiments on 


selenium, germanium and titanium dioxide and some typical results are given in graphs accompanying the Article by 
article. H. K. Henisch & 
Sommaire : Description d’un appareil pour la mesure des propriétés électriques de matériaux semi-conducteurs, _—— 

a toutes les températures, allant de la température de l’air liquide a 200°C, et a toutes les pressions, entre la 5, May 1952 
pression atmosphérique et 4 mm. Hg. 235-237 


Direct Evidence for the Conductivity of a Thin Dielectric Specimen Subjected to an Electronic Bombardment 140/1 

France. Experiments on triple layers Al-ZnS-Al are described. The layers, being very thin, enable effects Letter by 

due to induced conductivity to be measured as opposed to effects due to a superficial space-charge layer such C. Dufour 

as one finds on thicker specimens. A. Herpin & 
(Science Abstracts) J. P. Thomas 

Sommaire: Des phénoménes de conductivité électrique sur des couches triples alum-sulfure de zinc-alum. ont 12, Nov. 1951 
été étudiés. 887-888 


14 — MECHANICAL SCIENCES — 14 


Vacuum Vessel Construction Technique and Sealing Methods 


United States. The factors which govern the design of large-size vacuum plant are discussed. Frequent 
reference is made to the construction of the low-density supersonic wind tunnel operated by the Institute of 
Heat Transfer and Fluid Mechanics (University of California). The work chamber of that plant is cylindrical 
in shape 60 inch. diameter and 72 inch. long and has been fabricated from 3/8-inch steel plate. The external 
load on the vacuum shell of the wind tunnel is in excess of 426 tons (= 14.7 p.s.i.). The wind tunnel is evacuated 
by a 20-inch. oil diffusion pump of a speed of 5,000 micron litres/sec. at 2.0 x 10-4mm.Hg. Anultimate vacuum 
of 1.0 x 10-’mm. Hg can be obtained. The average leak rate of the plant is approximately 42.5 micron 
litres/sec. at 1.0 x 10-°*mm. Hg. Various methods of leak detection are discussed. The sources of leakage can 
be invariably traced either to porosity of the chamber wall material or to the joints and mechanical seals in 
the system. To eliminate porosity as a source all construction materials should be carefully selected and 
inspected prior to use and cast materials should be avoided wherever possible. Where permanent joints are 
required welded, brazed or soldered joints are preferable to mechanical joints with gaskets. To obtain high- 
quality joints the following points should be observed : Whenever possible, single-pass welds should be used; 
the longest practical welding rod should be employed in order to give a long uninterrupted weld; extra pre- 
cautions should be taken, where welds have to be machined; whenever possible welds should be made from 
the outside of the vessel only; welds of a structural nature should never cross sealing joint welds continuously ; 
structural welds inside the vessel should be made discontinuous to allow easy flow of gas from any channels 
or pockets. Where demountable joints are required, mechanical seals with gaskets as the sealing component 
are used. The gaskets should be of a rubberlike material unless the use of metal is imperative, for instance, in 
the case of high temperature work. ‘ Teflon’ is mentioned as a suitable gasket material. Various types of 
‘Q’-ring seals are described, in particular, one design which was developed with a view toward the isolation 
of leaks. It consists of two concentric gasket rings. The space between them can be pumped out through a 
small hole drilled in the flange. This affords a means of checking the joint for leak tightness. Special attention 
was paid to the development of leads-in for electrical connections. Twenty units of a type carrying up to 5 
wires were employed to introduce appr. 80 wires into the vacuum system of the wind tunnel. The remainder 
of the paper deals with construction materials. Apart from the strength characteristics the following properties 
of a material have to be studied closely prior to use: (1) Vapour Pressure; (2) rate of evaporation; (3) porosity 
and (4) sorption qualities. Iron and steel are usually acceptable, particularly rolled and forged iron. Stainless 
steel is excellent but may show porous joints when welded. Aluminium is very satisfactory but does not weld 
easily. Copper is satisfactory but if alloyed with zinc, such as may be found in some of the soft solders 


available in powdered form, it should be avoided. Non-metallic materials such as glass, rubber, plastics and Report by 
ceramics, may all be used but their individual properties should be studied before a decision is made. Finally, D. O. Horning 
it is pointed out that the vacuum chamber should be of cylindrical or spherical shape where operational Inst. Eng. Res. 
conditions permit. These shapes provide better resistance to the stress exerted by the atmosphere externally Univ. Calif. 
and reduce cost of fabrication. Certain design calculations are included in the report. Fine 
Sommaire : La caractéristique de construction de grands récipients a vide, c.a.d. de souffleries supersoniques a HE 4 50-84 
faible densités. 15.5.51 


Some Properties of Plastics and the Use of Plastic Apparatus at Low Temperatures 142/1 


United States. There are cases where an apparatus for use at low temperatures should not be fabricated from 
metal or glass. The authors, for instance, were engaged in experiments on the magnetic properties of large 
single crystals at temperatures below 1°K. The chamber holding the crystal had to be vacuum- 
jacketted and, if made of glass, would have required excessively large dimensions not to harm the 
crystals during the sealing operation. Plastic containers would be useful for such purposes as they 
can be cemented without warming the joints above some 40 or 50°C. This led to an investigation of the 
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properties of certain plastics at low temperatures, 7.e. Plexiglass and Lucite. Cementing could be carried out 
with an equi-volume mixture of methylmethacrylate monomer and methylene dichloride at a temperature not 
exceeding 50°C. The interlaced chain structure of most plastics provides considerable opportunity for the 
absorption and diffusion of gasses, i.e. Plexiglass and Lucite are unsuitable for retaining a high vacuum at 
ordinary temperatures. However, it was proved by experiment that the diffusion rate decreases sufficiently 
with temperature so that these materials are practically vacuum-tight at very low temperatures. The rate 
of diffusion of gases through plastics is believed to be governed by the amount of water and other materials 
present in the material. Therefore nothing was done to remove these materials, in fact it is suggested to cause 
the absorption of suitable materials for the special purpose of reducing the rate of diffusion as long as they do 
not interfere appreciably with the other properties of the plastics. Experiments were conducted and calcula- 
tions made in order to establish the diffusion coefficient of the material. It was found that at 100°K less than 
10-*° cm’ of air would leak through a highly evacuated Lucite container with an area of 100 cm? and a wall 
thickness of 1 mm. during 24 hours. Another set of experiments was concerned with dimensional changes when 
the material is cooled down to low temperature. A table shows the coefficient of expansion for Plexiglass in 
the temperature range 0-300°K. Hysteresis and geometrical distortion accompanying cooling are shown to 
be very small. The authors developed a new method of connecting ordinary vacuum equipment to plastic 
apparatus at low temperatures. which provides for the inside diameter of a plastic tube to be bored accurately 
to give a snug fit on a thin metal tube used as a liner (0.8 to 1.9 cm. outer diameter). The small space between 
the liner and the plastic tube is filled with a material such as rubber cement diluted with a hydrocarbon mixture 
of reasonably low volatility. This prevents diffusion along the space between the tubes. It also acts as a 
lubricant permitting a certain amount of motion due to different rates of contraction at the prevailing temper- 
ature conditions. The warm end of the metal tube can be connected to a glass vacuum system by ordinary 
means. In the last section of the article a test is reported concerned with the adsorption of helium on Plexiglass. 
A cylindrical vessel 15.9 cm. long and 3.1 cm. in diameter contained 48 Plexiglass discs 2.86 cm. in diameter 
and 0.23 cm. thick. Each disc had 13 holes and a superficial surface of 988 cm.?, A known amount of helium 
was admitted to the vessel and the pressure checked with a conventional gauge. The results are shown in 
the table reproduced below. 


Adsorption of Helium on Plexiglass 


Moles He Adsorbed per 
cm? of Superficial Surface 


aann 


Sommaire : Le comportement de plastiques c.a.d. Lucite et Plexiglass pour travaux a basses températures, 
sous vide est etudiée. 


15 — PHYSICS — 15 


A Low Pressure Helium Continuous Cloud Chamber 


United States. A low-pressure helium cloud chamber for continuous operation was developed for the study 
of rare electron events. The maximum permissible top temperature of downward diffusion chambers filled 
with helium at atmospheric pressure is about -20°C. At reduced pressures this temperature must be lower 
to reduce the vapour pressure. At the same time it is necessary to use a refrigerent with considerably lower 
temperature than that of dry ice to obtain a usefully thick sensitive region. The chamber is filled with alcohol 
and the refrigerant introduced by means of a coil fitted round the top of the chamber. The bottom of the 
chamber is cooled to approximately -130° C by means of a Dewar vessel filled with liquid nitrogen and attached 
to the outside of the chamber. Side windows inserted in the wall of the chamber are heated to keep them 
clear of frost. The top window forms the bottom part of a section which is evacuated or filled with dry gas to 
prevent condensation of the top glass surface. An electric field can be applied between the bottom and the 
top part of the chamber. The operational pressure varies from 75 to 15 cm. Hg. At the higher pressure a 
sensitive region of 3 cm. can be obtained easily. As the pressure is reduced, the size of the droplets grows. 
It is desirable to arrange for the droplets to fall slowly in order to be able to monitor visually the chamber for 
photography. Ifa reasonably slow rate of fall of droplets is to be maintained at 15 cm. Hg, the sensitive region 
is only about 1 cm. thick. This is explained by the fact that pressure reduction increases the diffusion rate 
but does not affect the viscosity. 


Sommaire : Détails de construction et performance d’une chambre d’expansion continue a basse pression 
d’hélium. 


Article by 
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169-173 


Note by 
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C. E. Nielsen 
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‘ Elastic ’’ and ‘ Plastic ’ Hardness of Hard Materials 


United Kingdom. In the majority of microhardness tests the indenter has to be removed to measure the 
indentation. Thus, all these instruments measure plastic hardness only. It can be assumed that in the case 
of large deformations no recovery takes place but for very small deformations in hard materials this has still 
to be proved. A method of investigating this is reported which makes use of thin films. Evaporated silver 
films 0.1 micron thick deposited on the surface of the material to be tested are brittle and if disturbed by a 
contact pressure remain torn thus revealing the area of contact when the maximum pressure has been exerted. 
The load-deformation characteristic of synthetic corundum (ruby) obtained by this method is shown in a graph. 
A double cone indenter was used (a) on the polished and clean ruby surface, (b) on a polished surface of solid 
silver and (c) on the polished surface of the ruby after coating it with a silver film. The log-log diagram (Meyer 
Analysis) shows a straight line for the clean polished ruby surface (a) which ends at a point below which weaker 
loads produce no indentation. At small loads the surface (b) and (c) showed the same small visible indentations 
but at loads exceeding 5 gm. the curve (c) bends sharply towards the straight line of surface (a) and then runs 
almost parallel to it. At the point where the (c) curve inclines towards the (a) curve, the silver surface has been 
pierced. Correcting the values obtained with the silver layer present, a final curve is drawn showing the total 
—1.e. plastic plus elastic—deformation of the material tested. As the curve (a) shows plastic deformation 
only, the horizontal distance to the final curve gives the corresponding value for the elastic deformation. 
The graph shows that elastic deformation increases as the load decreases. If the curve (a) could be 
continued for lower values of the load it would probably reach a point where plastic indentations are no 
longer visible, 7.e. where hardness would be infinite. However, taking elastic deformation into account this 
concept of infinite hardness no longer arises. At increasing loads the correction curve runs gradually closer to 
the curve of the pure material which indicates a progressive reduction of relative elasticity and finaliy the 
practical end of elasticity. 

Sommaire : Méthode pour déterminer la dureté élastique et plastique de materiaux durs a l’aide de couches 
minces d’argent deposées sur la surface a étudier. 


Oxygen-Free Single Crystals of Lead Telluride, Selenide, and Sulphide 

United Kingdom. In recent experiments single crystals of Lead telluride and lead selenide were grown in 
which the composition of the original mixture was gradually varied from 2% excess lead to 2°% excess tellurium 
or selenium. Testing the effect of these variations on conductivity and Hall constant it was found that the 
lead selenide crystals with excess lead content were of the N-type, 7.e. conduct electricity mainly be electrons and 
those with a deficiency of lead were of the P-type 7.e. positive hole conductors, but all lead telluride crystals 
were found to be of the P-type. Checking up on the method employed in the experiments nothing could be 
found which would account for this unexpected discrepancy between telluride and selenide crystals, but it was 
suspected that oxygen taken up from the residual air in the evacuated crucible was the main impurity in both 
types. Accordingly the experiments were repeated with an apparatus specially designed to eliminate oxygen 
from the crucible and its content completely. It had the shape of a ‘ Y’ made from Pyrex glass. The silica 
crucible was sealed into the vertical bottom stroke and the two upper strokes contained lead on one side and 
tellurium or selenium on the other. After loading the apparatus was evacuated and then hydrogen admitted 
through the end of one upper arm and burned off at the end of the other. During this period the crucible 
was brought up to red heat and then the lead melted into it. When the lead, too, had become red hot, the 
hydrogen was turned off and pumping resumed. After removal of the dissolved hydrogen from the lead the 
circulation of hydrogen was started again and the tellurium or selenium melted into the crucible on top of the 
lead. After a final evacuation the crucible was sealed off and the elements thoroughly mixed by maintaining 
a temperature of 350 to 400°C for about two days with the crucible in a horizontal position. From material 
prepared in this way lead telluride crystals of the ‘ N ’-type could be grown in the same manner as‘ N '-type 
selenide crystals. This seems to prove that the difficulties in the original experiments were due to telluride 
crystals absorbing oxygen more readily than selenide crystals. The article concludes with a short description 
of growing lead sulphide crystals by the same method. 

Sommaire : Description d’un appareil facilitant la production de cristaux de tellurure de piomb exempts 


d’oxygene. 


The Adsorption of Gases on Metal Filaments, Films and Single Crystals 
See Abstract No. : 47/IV 


An Early Exact Solution for the Reflectance of Reflection-Increasing and Reflection-Reducing Films 


United States. Attention is drawn to the work of M. Poisson and G. B. Airy carried out approximately 125 
years ago on the subject of the so-called Newton Rings which appear, when the curved surface of a plano- 
convex lens is in contact with a plane glass surface of different refractive index. In order to assess the intensity 
distribution in the Newton ring system they investigated the intensity of the light reflected in the air film near 
the point of contact from the two glass surfaces bordering the film which were assumed to be plane parallel in 
that region and of different refractive indices. It was further assumed that a ray of light incident on this film 
was divided up into a series of multiple reflections. Airy in particular investigated the position for various 
angles of incidence of polarised light covering both conditions, the electric vector being parallel and perpen- 
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dicular to the incident plane. Airy’s equations are presented and used to calculate the reflectance of a MgF 
film for varying angles of incidence. In order to illustrate the applicability of Poissons and Airy’s equations 
near normal incidence to both reflection-increasing and reflection-reducing films MgF, and ZnS films were 
deposited on the face of the hypotenuse of a right angle prism, the other surfaces of which had been blackened. 
The reflectance of the films was measured as it varied with the wavelength and from these measurements the 
refractive indices were determined. Good agreement was obtained between calculated and experimental 
values for MgF films but in the case of ZnS the values differed. This was attributed to a small amount of 
absorption present in the ZnS films. The author concludes that many of the more modern solutions for 
predicting the reflectance of such films could be directly derived from Airy’s equations. 


Sommaire : L’on attire l’attention sur les travaux de Poisson et Airy et la grande portée de leur oeuvre sur la 
théorie des caractéristiques des couches augmentant ou reduisant la réflexion. 


On the Optical Properties of Very Thin Metallic Films 

France. An earlier theory permitting derivation of the reflecting coefficient against air and against glass and 
also the transmission factor is tested on experimental values for evaporated gold films and cathodically sput- 
tered silver films. Thicknesses are in the range 1-3.5 4. The calculated values are not exactly those measured 


but the differences between the two reflecting coefficients are only some units in the third decimal 
place. Consideration is given to the wavelength variation. 


(Science Abstracts) 


Sommaire : Comparaison entre les valeurs théoriques et expérimentales du coéfficient de réflexion et de trans- 
mission pour les films de métaux précieux déposés par projection cathodique et par la méthode d’évaporation. 


On the Colour of Reflection-Reducing Layers 
See Abstract No. : 134/III 


The Use of Multilayer High Reflecting Films for Reflection Multiple-Beam Interferometry 


United Kingdom. Multilayers of alternate high and low refractive index quarter wave films can be produced 
to give reflecting coefficients ranging from 0.31 to 0.97. These have very low absorptions and have been 
adapted to use for multiple beam interferometry, especially for reflection fringes. The advantages are 
enumerated and discussed. The experimental production of the multilayers is reviewed. Applications to 
interferometry are illustrated with various examples employing low and high reflectivities. Lines of investiga- 
tion for securing future improvements are indicated. 

(Author) 


Sommaire : Discussion des couches alternées quart d’ondes a haut et bas indices de réfraction, pour application 
en interférometrie a rayon multiple. 


Photoconductivity in Vacuum Coated Selenium Films 

United States. Photoconductive layers of Selenium with a dark resistivity of 10! ohm x cm and higher are 
useful in various applications, for instance in television pick-up tubes. It is known that the resistivity value 
of a selenium film depends on its structure. In the vitreous state it has an extremely high resistivity in the 
dark whereas in the crystalline hexagonal state its resistivity is reduced to approximately 10° ohm x cm. It 
is further known that selenium layers evaporated onto comparatively cold metallic supports (50°C or less) are 
in a vitreous state. Higher temperatures of the support promote the formation of micro-crystalline structures 
resulting in the change of its electrical properties. At the same time, the spectral response of the photo- 
conductivity changes. Vitreous selenium is sensitive only to blue and green light whereas layers deposited at 
higher temperatures show also sensitivity in the red. The experiments reported in this article were carried out 
with the aim of controlling the structure of evaporated selenium films. The selenium was evaporated under a 
variety of conditions. The structure of the resultant films was found to depend on the temperature of the base 
plate, the rate of evaporation, the time taken for the actual coating and the cooling rate after completion of 
the process. At base plate temperatures up to 70°C and for a deposition period of less than 10 min. cooling 
down the film immediately after completion of the deposition, the layer was vitreous throughout. Extending 
the coating period crystalline structures could be traced. The formation of hexagonal selenium crystals from 
the vitreous state is governed by the rate of crystal nucleation and the velocity of crystal growth. The rate of 
nucleation has a maximum at approximately 90°C. The velocities of crystal growth have been measured for 
a base plate temperature of 20, 40 and 55°C. A graph is shown, where the logarithms of the growth velocities 
measured are plotted against the inverted absolute temperatures. These values lie on.a straight line and this 
permits the calculation of the velocity of crystal growth and the determination of the activation energy of 
crystallisation by means of an equation proposed by Boltzmann. The latter has a value of 1.05 electron volts 
which corresponds to the value of energy generally associated with the formation of hexagonal crystals. Having 
established both these values the structure of a selenium layer obtained by evaporation can be properly 
interpreted as a function of the processing conditions. Finally the author shows that the addition of 5-9% 
tellurium by weight increases the photoconductivity of the film. However, if more than 5% tellurium is added 
the effective resistivity of the film decreases rapidly. 

Sommaire: L’influence de la structure cristalline, de couches minces en sélénium deposées sous vide sur la 
sensibilite de ces couches aux differentes couleurs est étudiée. 
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The Pressure Dependence of the Absorption by Entire Bands of Water Vapour in the Near Infra-Red 


United States. A study is reported which was aimed at the establishment of the absorption of 5 water vapour 
bands between lp and 7p as a function of pressure. Knowledge on the pressure dependence of infra-red 
absorption of gases and vapours is important in atmospheric and meteorological physics. The author quotes 
the publications of various research workers, in particular, that of Elsasser who considered the absorption of 
an idealised band of lines of equal width and equal intensity separated by equal frequency intervals and derived 
an expression for the average fractional absorption of the band as follows : 


t 
A = ect (t) = de 


0 
erf indicates an error function. t = }6(mwa)}, wherein w is the concentration of the absorbing substance, « the 
half width of the individual line of the band and , the proportionality factor, may be regarded as a ‘ generalised 
absorption coefficient ’ for the entire band. t was expressed by the author as }$8(mw)!f(p) where f(p) is a 
function of pressure along. This function depends on the pressure broadening of the individual lines. Details 
of the experimental procedure are given. A multiple reflection cell was used which permitted independent 
variations of the optical path length, the density of the absorbing gas and the total pressure in the cell. The 
Nernst filament and a light chopper were contained in a sealed source chamber. The light beam passed through 
a window of the chamber into the absorption cell, a large aluminium tank, which was fitted with a heating 
© element and could be evacuated. The cell contained three spherical mirrors with a curvature of 100 cm. radius. 
Two of the mirrors could be moved and thus the optical path length varied by 4 m.-steps from 4 m. to 48 m. 
The spectrometer was attached to the bottom of the cell. The water was introduced in known quantities into 
a receptacle which formed a part of the vacuum system and was admitted to the cell after evacuation. The 
water vapour density in the cell was calculated from the known free volume of the cell. The temperature of 
the cell was kept constant at 30°C. After the introduction of the sample traces of a band were recorded for 
several path lengths. The total pressure of the cell was then changed to 50, 100, 200, 400 and 760mm. Hg and 
the spectra recorded. In addition, spectra were obtained for each region with the cell evacuated to serve as 
background curves. With the help of these background curves the fractional absorption was determined at 
equal frequency intervals across the band. These values were used to determine the area under each band 
1.e. the total absorption of the band in the respective frequency interval. In order to obtain the average 
fractional absorption the total area was divided by the frequency intervals. It was found that the fractional 
absorption of an entire band could be represented by the formula quoted above where t = 4$8(mw)? (Pr+ 
Pp/760)t. Herein Pr = total pressure, Pp = partial pressure of the water vapour. In the modified form as 
shown this formula confirms the results of previous workers that t is very nearly proportional to the fourth 


route of the pressure. 
Sommaire : Le dépendance de la pression, de l’absorption infra rouge de gaz et de vapeurs est étudiée. 


Vacuum Ultra-Violet Monochromator 
United States. The simple design of a grating vacuum monochromator is described for use in the range of 
950-3,200 A. Prior to use the chamber is evacuated to about 1 micron Hg. During operation the entire 
apparatus is filled with hydrogen at a pressure of 2,000 micron Hg. The hydrogen is admitted to the chamber 
by diffusion through a closed-ended palladium tube heated electrically by means of a platinum spiral. The 
hydrogen lamp is bolted directly on to the entrance slit of the chamber. It consists of barium aluminate 
granules in a ‘ stocking’ dispenser placed inside a molybdenum cathode which is shaped like a can with an 
opening of 3 x 5 mm. The nickel anode is cylindrical and has a 3 inch diameter opening at the discharge 
end. The operational data of the lamp is given. The geometry of the optical system is the same as that 
O proposed by Parkinson and Williams. All vacuum seals are of the ‘ O ’-ring type. The interior of the chamber 
is sputtered with gold, and black glass and metal baffles are provided in order to eliminate scattered light at 
the exit slit. Any desired attachment can be fitted to the exit slit. An arrangement is shown suitable for the 


study of the light absorption of crystals. 
Sommaire : Construction d’un monochromateur a réseau et a vide, dont |’intérieur est maintenu a une pression 
de 2,000 microns d’hydrogéne durant l’emploi et qui est satisfaisant pour le fonctionmement d’une lampe a 


hydrogéne. 


A Method for the Electron and Optical Microscopic Examination of Identical Areas 
See Abstract No. : 96/II 


16 — CHEMISTRY — 16 


Apparatus for the Determination of Moisture in Samples of Air 
United Kingdom. There are many instances where it is not practical to measure the humidity of air on the spot. 
According to the method described in this article a sample of the air to be tested is filled into a flask evacuated 
prior to use. This sampling flask—of a volume of about 85 c.c.—is part of a laboratory test apparatus which 
consists of two globes each of about 400 c.c. capacity with an oil manometer between them. The two spheres 
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are connected by a pipe for evacuation purposes, controlled by a stopcock. Each sphere has a tap, one 
isolating the sampling flask and the other isolating the (mechanical) pump. In addition, one sphere contains 
a small removable side tube carrying a drying agent (phosphorus pentoxide). Before the air sample is taken 
the sampling flask is joined to the apparatus and the whole aggregate evacuated. After collecting the air 
sample the flask is joined to the apparatus again and the two spheres—but not the flask—are evacuated. During 
that period the flask is immersed in a freezing solution at -60°C to freeze out the water in the air sample. At 
this temperature the moisture is assumed to exert the saturation vapour pressure of ice, 7.e. 0.008 mm. Hg. 
The tap on the flask is now opened and the air pumped away through the apparatus. When a pressure of 
about 1 mm. Hg has been reached pumping is discontinued, the freezing solution removed and the water 
vapour allowed to diffuse uniformly throughout the apparatus as the flask warms up. Then, the stopcock 
between the globes is closed and the desiccant in one of the globes exposed. When the manometer indication 
has become constant a reading is taken. The readings can be expressed in terms of relative humidity of the 


air at the time of sampling. 
Sommaire : Methode pour la détermination de l’humidite dans l’air, d’echantillons préléves en des endroits, 
ou la determination sur les lieux n’est pas possible. 


Reactions of Artificial Graphite 

United States. Information on the kinetics and mechanism of the primary chemical reaction of graphite with 
oxygen helps the design and use of equipment and the choice of conditions for burning solid commercial fuels. 
The authors studied the oxidation of graphite as a function of time, temperature, pressure and pre-treatment 
of the specimen. Artificial graphite was employed in the experiments, the history and analysis of which 
was accurately known. The major experimental tool was a micro-balance operating in an evacuated vessel 
with a sensitivity of 0.001 cm. per microgram. The apparatus was constructed from glass and ceramics only. 
No greases were used. Pretreatment of the specimens, such as degassing or removal of surface oxide by heating, 
was carried out in vacuo. In order to obtain information on the interpretation of the results of the investigation 
equilibria calculations were made on a number of reactions and the equilibrium constant determined for several 
reactions at various temperatures. The experimental procedure provided for a thin sheet of graphite to be 


suspended from one end of the balance beam and a counter weight of graphite from the other. After introducing 
the specimen the system was evacuated down to 10-*mm. Hg. Then the furnace was placed around the 
specimen tube and the specimen heated at 900° for two hours. 


Subsequently the specimen was cooled to the 
Readings of the balance were taken before and during each operation, in a semi- 
continuous manner. The readings were converted to microgram/cm.? and these, in turn, were converted to 
microgram/gram of graphite. Weight losses observed in this way represented loss of carbon from the graphite. 
The reaction of graphite with oxygen at a pressure of 7.6 cm. Hg is shown in two diagrams, one covering the 
temperature range 425-475°C and the other the range of 500-550°C. The curves fit the empirical equation 
W = Kt + Ct?, where W is the weight loss in gram/cm?, t the time in minutes and K and C constants. K 
represents the limiting reaction rate att =O. Plotting log k versus 1/T all values were found to be on a straight 
line which had a slope in energy units of 36,700 cal./mole. Evaluating the experimental results the initial 
tate of reaction was calculated to be Wt=o=2.56 x 1014 atoms of carbon reacting per cm.*?/sec. The effect 
of pressure on the initial reaction rate was found to be of nearly first order at an oxygen pressure of 10 cm. Hg 
and higher, while at pressures of 0.15 to 1.5 cm. Hg the reaction was of nearly zero order. Samples which were 
not degassed immediately before reaction gave the highest reaction rate whilst degassed specimens gave the 
lowest reaction rate. Exposure to air at room temperature increased the rate of reaction at temperatures near 
500°C. A brief study was made of the surface oxides remaining on the graphite after evacuation of the oxidising 
atmosphere. A sample of degassed graphite was oxidised at 575°C at an oxygen pressure of 7.6 cm. Hg. After 
60 minutes a weight loss of 155 microgram/cm.? of carbon was observed. Subsequent evacuation did not 
produce any appreciable weight loss; in fact, the surface oxide formed at 575°C was stable in a vacuum of 
10-*mm. Hg for several days. It could be removed at temperatures above 700°C as oxide of carbon. A brief 
discussion is added on the nature of the surface reaction of graphite with oxygen. 


Sommaire : Expériences faites en vue de gagner des informations sur la réaction du graphite avec l’oxygeéne. 


reaction temperature. 


Chemical Analysis wth High-Frequency Electrodeless Discharge 

United States. The analysis of metalloids with the emission spectograph is difficult. In order to obtain results 
it is necessary to change the mode of excitation. Reference is made to Gatterer’s work who excited halogens 
(ions) in electric discharge tubes and obtained in this manner intense spectra with strong characteristic lines in the 
region of 4,500-7,000 A. The present article presents an investigation into Gatterer’s work confirming his 
results and adding to the information available on this type of analysis. Various halogen compounds were 
studied such as sodium chloride, potassium iodide, potassium bromide, sodium bromide, sodium fluoride, 
sodium iodide and potassium chloride salts. Three glass discharge tubes were used in the experiments each 
11.5 inch. long and § inch inner diameter fitted with an observation window, through which the spectra could 
be recorded. After introduction of the sample the tubes were placed inside the coil of a high frequency generator 
and were evacuated to a pressure of 10-‘mm. Hg by means of a9 inch. mercury diffusion pump. The specto- 
graph had a grating of 3 m. focal length and 15,000 lines p. inch. Excitation was started shortly before the 
pressure of 10-4mm. Hg was obtained as it was found that the excitation could be initiated more easily at a 
higher pressure. Qualitative results for sodium bromide, sodium fluoride, sodium iodide and sodium chloride 
are given in a table. Examining organic halogens it was noticed that the iodine spectrum of p-iodobenzoic 
acid showed an intense spectral line at the wavelength 4321.6 A. This line, not mentioned previously in the 
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literature, was produced with equal relative intensity in all spectra of iodine compounds. In their conclusions 
the authors state that it was difficult to carry out quantative work because the samples did not vaporise in a 
reproduceable manner. A slight pressure difference would alter the vaporisation performance of the sample and 
thus change its relationship with any chosen internal standard. 


Sommaire : Les spectres d’émission de certains composés halogénés ont été étudiés au spectrographe, faisant 
usage de la décharge sans électrode comme moyen d’excitation. 


Molecular Weight Determinations by Effusiometry 


United States. Referring to Knudsen’s and Dushman’s theories for the rate of molecular flow of a gas through 
a circular hole in a thin plate, it is stated log p= -kt/M*+log Py. Herein P, is the initial pressure at which 
a gas flows from a vessel of fixed volume into a vacuum, M is the molecular weight and p the pressure of the 
gas at a given time t. Therefore, plottings of the logarithm of the pressure of a gas effusing from a container 
against time, lie on a straight line, the slope of which varies inversely with the square root of the molecular weight. 
Thus, molecular weights can be determined by measuring effusion rates. Details are given of a simple effusio- 
meter which has been used for the determination of molecular weights over a wide range. The leak was 
fabricated by punching a small hole into a thin Fernico cap. The size of the hole could be adjusted by peening 
or etching. The rest of the apparatus was made of Pyrex glass. The pressures were measured by a thermistor 
gauge of the type described by Dushman. The effusion cell was filled with the gas to be tested at a pressure 
of 200 micron Hg. Subsequently, the system was evacuated and the effusiometer pumped out through the 
hole. During this period, starting at any convenient point, the pressures and corresponding times were 
recorded over a period sufficiently long to establish the slope of the curve which determined the rate of 
effusion. Results are given for hydrogen at + 25°C and -190°C. The instrument is particularly useful where 
only small amounts of the substances to be tested are available, say, a few hundredths of a cm.® of gas at 


Sommaire : Détails sur le procédé et l’équipement utilisés pour la détermination des poids moléculaires par 
effusiometrie. 


Analytical Distillation with a Micromolecular Still 
See Abstract No. : 164/III 


The Survival of Bacteria During and After Drying 
See Abstract No. : 56/IV 


Freeze Drying of the Organism of Contagious Bovine Pleuro-Pneumonia 
See Abstract No. : 57/IV 


17 — METALLURGY — 17 


Silicothermic Magnesium Comes Back 
See Abstract No. : 158/III 


Sealing Porous Castings by Vacuum Impregnation 
See Abstract No. 154/III 


Electromagnetic Levitation of Solid and Molten Metals 


United States. The use of crucibles in melting metals involves the danger of contaminating the metal, a 
particularly serious risk in the case of highly reactive metals such as titanium, etc. In an attempt to evolve 
a technique which prevents contamination, experiments were initiated to melt metals by induction after lifting 
the material into space by electromagnetic and induction forces. Using a single coil producing an alternating 
magnetic field solid brass up to 550 grams could be lifted but the material wouid drift out of the field. By using 
two coaxial coils connected in series across a common capacitor, thus constituting a parallel tuned load to the 
alternator with the current flowing through the coils in opposing directions all the time, satisfactory stability 
of the floating metal could be achieved. It is explained that the current in the coils induced eddy currents 
in the metal which interacted with the inducing field creating the required supporting and lateral restoring 
forces. Heating and melting of the levitated specimen depends on the power available, frequency, eddy 
current, hysteresis losses and heat losses of the specimen. The theoretical aspect of the phenomenon is studied 
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and the following interpretation given :—If the material is placed into a magnetic field, uniform in space and 
sinusoidally alternating in time at not too high a frequency, the magnetic field of the eddy currents 
induced in the material is identical with that of a magnetic dipole alternating in time with the generating field, 
at a phase and of a strength which depend on the generating field strength and frequency, and on the sphere’s 
radius, permeability and resistitivity. Three cases are considered :—A single coil, two coaxial coils of identical 
design, and two coaxial coils not equal in diameter. The formulae presented and the calculations made cover 
only levitation of solid material. In the third part of the article details of the various experimental procedures 
are given. Brass, aluminium tin, titanium and molybdenum were levitated. The specimens were of the order 
of a few hundred grammes, and the circulating currents of the order of 700 amps at about 10,000 cycles p. sec. 
Various coil configurations were tried out. The temperature of the floating specimens could be controlled by 
varying the magnitude of the alternating current. Where the material melted it was vigorously agitated and 
tended to rotate about the axis of symmetry, but this could be stopped by introducing axial asymmetry. In 
the case of aluminium, molten in air, the formation of an oxide skin could be observed, but if melted in a 
vacuum of about 10-' or 10-> mm. Hg the aluminium dripped downwards although an electrical system was 
used which would have supported it in air. Deliberately rotating the specimen by moving the induction field 
electrically in a single or polyphase system would overcome this difficulty. It is estimated that batches of 
several lbs of material at a time may be levitated satisfactorily with a 50 kVA 10,000 cycle source. However, 
the case for levitation of molten metal in a protective atmosphere or in a vacuum is not proved yet. Levitation 
methods according to this principle offer the following potential advantages to industry : (1) The material has 
no contact with a crucible or container during heating, melting or draining. (2) The melt can be protected 
by a vacuum. (3) Volatile impurities can be eliminated by distillation and pumping. (4) The melt can be 
drained gradually and the material resolidified in the levitated state if desired. (5) The melt is thoroughly 
mixed. (6) Alloying additions can be made during the process. 

Sommaire : Dans le but d’éviter l'emploi de creusets pour la fonte des métaux, il a été procédé a des expériences 
en vue de maintenir le matériel expérimenté dans l’espace formé entre deux bobines a haute tension produisant 
un champ magnétique alternatif pendant 1’opération. 


European Experiments on Vacuum-Melted Pure Iron 

United Kingdom. Equipment for oxidising and reducing conditions is described. Metal containing 0,=0.001 
to 0.002%, N,=0.001 to 0.002% and H,traces is produced and has excellent ductility at room temperature but 
becomes brittle below -73°. Mn increases strength and decreases impact transition temperature. N, causes 
ageing. 
(Chemical Abstracts) 


Sommaire : Description de méthodes de purification du fer par fonte sous vide. 


Vacuum Melting Titanium and Zirconium 
See Abstract No. : 159/III 


Vacuum Reduction of Some Metallic Oxides Using Zirconium 
See Abstract No. : 161/III 


The Corrosion of Zirconium 

United States. Thin films of zirconium satisfactory for corrosion studies have been obtained by cathodic 
sputtering onto electro-polished copper foil. The conditions which had been previously reported as yielding 
continuous films remain unchanged. A preliminary X-ray study indicated that some difference in crystal 
structure results when zirconium oxide is prepared from the hydroxide which has been precipitated from an 
aqueous solution with sodium hydroxide or ammonium hydroxide and subsequently ignited. The rate of 
oxidation of zirconium at elevated temperatures has been found to increase very rapidly in the presence of 
water vapour. Up to the present time, very little success has been attained in the preparation of magnesium 
single crystals which would be satisfactory as basis metals for the growth of single-crystal films of zirconium 
by epitaxy. 

( Nuclear Science Abstracts) 

Sommaire : De films minces de zirconium déposés par projection cathodique sur lamelles de cuivre polies 
électrolytiquement ont été utilisés pour des études sur la corrosion. 


Pretreatment of Beryllium Prior to Coating 

United States. After the usual cleaning step Be articles are etched by making them anodic in a bath containing 
25-70% (by vol.) H,PO,; 0.1-1.0% HCl, and the rest water. About 0.1-0.5 amps./squ. inch are applied to the 
article for 5 to 10 minutes. After this etch the metal can be coated either electrolytically or by vacuum 
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deposition with a protective metal coating. This method produces a smooth, pore-tight coating of various 
metals on the Be article for use in scientific experiments. 
(Chemical Abstracts) 


Sommaire : Description de la préparation de la surface du berillium avant son revétement par dépét sous 
vide d’une couche protectrice de métal. 


Vapour Deposits Dense Coatings 


United States. The technique referred to can be defined as the formation of a coating by chemical reaction 
at a heated surface. The majority of these processes are carried out at atmospheric pressure but in a number of 
cases it may be preferable to operate at a reduced pressure. The technique is particularly useful for the 
production of metallic and refractory coatings from materials such as chromium, titanium, molybdenum, 
tungsten, carbides, borides, nitrides, silicides and oxides. The method of production is substantially 
the.same throughout, 7.e., the plating atmosphere is forced past the heated body to be plated. Coatings 
are deposited at temperatures below their melting point. A carrier gas, inert such as helium, can be employed 
to transport metal carbonyls, or reactive such as hydrogen which is used in halide reductions. The lower the 
pressure in the chamber the coarser is the deposit. Temperatures and pressures should be chosen so that the 

Oo body temperature is above the melting point of the metal component of the coating material. The thickness 
of the deposit usually averages 0.0001 to 0.0005 inches. The process is already established for the coating of 
wires, rods, tubing, strips, nozzles, crucibles and x-ray targets. Its potential application extends to combustion 
chamber linings, turbine blade coatings, valve linings, etc. Large transparent blocks or crystals of oxides 
such as SiO, Al,O, and massive quantities of hard refractories or highly pure materials might be produced 
by this method. 


Sommaire : Revue des applications du revétement sous vide, a partir de la phase gazeuse, par le procédé 
pyrolitique. 


Configurations Caused by Evaporation on the Surface of Copper Heated In Vacuo 


France. Specimens of oxygen-free Shigh-conductivity copper with a surface area of approximately 1 cm.? 
and a known content of up to 0.02% sulphur + selenium + tellurium were cleaned and one of their surfaces 
polished mechanically and electrolytically. The specimen was then placed in a high-frequency laboratory oven 
and heated up to 850°C at a pressure of 10-°mm. Hg for 30 minutes. After slow cooling down the specimen 
was examined under a microscope. The surfaces of the specimen examined showed certain striations, the 
origin of which is explained by the author as follows :—(1) The configuration of the striations which appear 
on the surface of copper crystals containing a certain amount of sulphur and heat-treated at reduced pressures, 
as described, is the result of selective evaporation from certain planes, in particular from the octahedral planes 
of the crystal. (2) According to the hypothesis of Chalmers, King and Shuttleworth the appearance of the 
striations is related to the free energy available in the various planes of the crystals. The presence of sulphur 
atoms wedged into the lattice during heat treatment is the factor governing the amount of free energy available 
in the various planes of the crystal. (3) Observations made in these experiments confirm the fact established 
previously that the sulphur atoms cannot diffuse within the lattice and form sulphur particles traceable under 
the microscope unless plastic deformation has reached a certain degree. 

Sommaire: Des échantillons de cuivre exempt d’oxygeéne, a haute conductivité, ayant une faible teneur en 
soufre, sélénium et tellure furent polis electrolytiquement et soumis a un traitement & chaud. Des striations 

O _ observées aprés ce traitement sont interprétées par l’auteur. 


Removal of Impurities from Tin by Vacuum Distillation 
See Abstract No. : 162/III 


The Purification of Rare Gases by Activated Uranium 
See Abstract No. : 136/I 
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20 — PUMPS — 20 


Ion Pump 

United States. The authors refer to Von Engel’s article in Volume I, No. 4 and Riddiford’s letter in No. 2 of 
the present volume. They give certain data of an experimental ion pump and compare its performance with 
that of the diffusion pump. 

Sommaire : Certains chiffres d’une pompe a ionisation expérimentale sont donnés en response a une lettre de 
M. Riddiford publiée dans un numero précédant. 


Backstreaming in Oil Diffusion Pumps 

United States. The authors engaged in spectroscopic studies of soft x-rays employed an oil diffusion pump 
reaching an ultimate pressure of 8 x 10-’mm. Hg with the water cooling system running at 45°C. It was noticed 
that oil vapours backstreamed from the pump at the rate of about 1 cm* per week (continuous operation) when 
operating at the specified boiler power input of 750 watts. As these vapours produced deposits on the cooled 
target in the x-ray tube, the authors installed first a water-cooled baffle in the pump head but then proceeded 
to modify the design of the pump itself. The fast nozzle with an annular width of 2} inches and a geometrical 
speed of 2,100 1/sec. was replaced by a nozzle with an annular width of 19/32 inch and a geometrical speed of 
725 1/sec. The new nozzle was only a little faster than the unaltered intermediate nozzle and was fitted at 
an angle designed to direct a large portion of the vapour downwards and to stop backstreaming of the vapour 
emitted from the intermediate nozzle. Two metal skirts were fitted around the vapour chimney insulated from 
the latter and from each other by glass beads in order to shorten the path, the vapour molecules have to travel 
before striking a condensation surface. In addition a fractionation system was installed. Finally the pump 
fluid was changed from silicon oil to Octoil S. As a result of these modifications the backstreaming rate 
improved by an estimated factor of 1 million and the ultimate pressure was lowered to 2x 10-"mm. Hg. The 
authors have noted that an appreciable reduction of the power input has a beneficial effect on backstreaming 
but only if applied after the pressure in the system has dropped to less than 10-*mm. Hg. 


Sommaire: Bref rapport sur les améliorations apportees aux pompes a diffusion du commerce pour réduire la 
retrodiffusion de l’huile. 


Improvements i. & r.t. Rotary Vacuum Pumps 


United Kingdom. The patent describes the design of an oil-less rotary pump fitted with vanes of self-lubricat- 
ing material, for instance, carbon. This type of pump has not always been satisfactory in the past because of 
air leaking back into the vacuum system as a result of the wear of the vane against the rotor wall. An improved 
performance can be expected if each vane is inclined at an angle to an intersecting radius of the rotor, with the 
outer part of the vane displaced from its intersected radius in the direction of rotation. The axis of the rotor 
is positioned out of centre with respect to the rotor housing. A number of additional features contributing 
to the satisfactory performance of such pumps are mentioned. 

Sommaire: Ou l’on propose l’emploi d’un modéle perfectionné de pompes rotatives a ailettes en carbone ne 
necessitant pas d’huilage. 


Electromagnetic Mercury Pumps for Circulating Gases 


Canada. The positive circulation of gases in a sealed glass system can be effected by mercury diffusion pumps 
as long as the gas pressures are low but if the gas pressure exceeds a few millimetres other means of inducing 
circulation must be found. The author shows that the electromagnetic pump for pumping molten metals can 
be adapted to provide a simple design of an effective gas circulating pump by substituting mercury for the 
molten metal. The form of electromagnetic pump used for this purpose is similar in principle to a d.c. electric 
motor in which the armature is replaced by the mercury. If an electric current is passed through it at right 
angles to the magnetic field the mercury is caused to flow. The pressure developed in this way can be calculated 
by a formula given in the article. A single pass and a multi-pass system are described. A permanent magnet 
was used in the former with circular pole pieces of a diameter of 1.5 inch spaced 1.5 inch apart providing a field 
of 4,000 gauss. In order to obtain a long current path a glass tube of 25mm. outer diameter was sealed inside 
another of 26 mm. inner diameter producing an annular space of 0.5 mm. width for the passage of the mercury 
Platinum electrodes in the top and bottom of the outer tube facilitate the passage of the electric current 
through the mercury annulus. <A mild steel rod about 5 mm. long and 22 mm. diameter was placed inside the 
inner tube and gave the required short magnetic gap. A current of 10 A produced a height differential of about 
3 cm. in the mercury contained in vertical tubes sealed to either end of the annular space. Thus, by reversing 
the current a total pressure change of 6 cm. could be realised. This arrangement can be made to operate 
automatically giving a circulation speed of the order of 800 c.c. of gas per minute. Similar details are given 
of the multi-pass system providing for the continuous circulation of the mercury in one direction only. In this 
latter model gas could be circulated at a rate of about 600 c.c. per minute. 


Sommaire: Description de deux pompes de circulation, utilisant le mercure comme fluide de pompage, et 
fonctionnant en accord avec le principe éléctromagnétique, appliqué au pompage de métaux en fusion. 
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21 — GAUGES — 21 


Vacuum Measuring Technique 
See Abstract No. 120/I. 


A Simple Battery-Operated Pirani Gauge Power Pack 


United Kingdom. A simple battery-operated power pack for use with a Metropolitan-Vickers type of Pirani 
gauge is described. The lowest measurable pressure is about 10-? mm. Hg. Provision is made for flashing the 
gauge filament and for replacing the internal meter by a galvanometer for leak hunting. The ‘ zero voltage ’, 
t.e. the voltage which must be applied to the bridge to balance it when the gauge is at zero pressure, varies 
from one M. V. Pirani gauge to another. A single calibration curve can be applied to all gauges of this type 
(with a maximum error of + 6% over the pressure range 0-150 micron Hg) provided that the correct ‘ zero 
voltage ’ is applied to the bridge for each individual gauge. 


(Author) 
Sommaire: Description d’un coffret d’alimentation, marchant sur piles, pour jauge Pirani. 


Improvements in Ionisation Manometer Tubes 


United Kingdom. The design of an ionisation gauge is proposed which consists of a cathode, an ion collector 
electrode and a wire wound grid, the latter being interposed between the cathode and collector electrode, at 
least in part. The collector electrode is made from a strip shaped into a rectangular frame and is placed inside 
the box-like structure of the grid. The cathode has an M-configuration and is mounted outside the grid, 
parallel to it. It was noticed that under certain conditions of bombardment local heating occurs in the glass 
envelope causing cracks. It is advisable therefore, to provide a concave-shaped reflector electrode made from 
sheet metal and place it on the side of the grid opposite to that of the filament. For the purposes of outgassing 
the grid the collector electrode and the reflector electrode are connected together and jointly to the positive 
terminal of a source of electrical energy. The negative terminal of the source is connected to the filament. 
The temperature is raised to red heat. Details are given of a circuit for the supply of current to the gauge which 
facilitates constant filament emission during operation of the gauge. The design described allows the electrons 
to be kept near the velocity at which maximum ionisation occurs over the whole—unusually long—path through 
the grid resulting in a high sensitivity of the tube. An alternative form of the gauge designed according to the 
same principle but simpler in construction is also described. 


Sommaire: Description d’un manométre a ionisation a haute sensibilité. 


An Easily Degassable Ionisation Gauge with a Simple and Stable Circuit 


Holland. Details are given of an ionisation gauge of the tetrode type. The tube has a diameter of 30 mm. and 
a length of 60 mm. The cathode consists of a straight tungsten filament 3 cm. long and 100 » thick. There are 
two grids, both of cylindrical shape—one slightly wider than the other—wound from 300 and 200 » molybdenum 
wire respectively. A thin silver film deposited on the wall of the tube serves as an ion collector in the same 
way as the platinum layer described by Morse and Bowie previously. Degassing of the glass wall and ion 
Oo collector can be effected by heating the gauge assembly in a small oven or in an open flame. The filament 

and the two grids are degassed by connecting them jointly to the same winding of the filament transformer. 
This procedure makes it unnecessary to heat up the filament as much as is required when degassing by means 
of electron bombardment. The tetrode arrangement offers the advantage of using simple means for the 
stabilisation of the electron current by a feedback system. The electron current is not affected even if the 
pressure in the tube rises to 10-’mm. Hg. The ion current is measured by means of a balance-bridge d.c. 
amplifier and a 100 vA meter. A circuit diagram is given showing all details. 


Sommaire: Description de la construction d’une jauge a ionisation du type tetrode laquelle fut développée 
essentiellement en vue d’un dégazage facile. 


An Automatically-Controlled Knudsen-Type Vacuum Gauge 


United Kingdom. In an ordinary Knudsen gauge the deflection of the suspended vane is proportional to the 
radiometric force and provides the means of measuring the gas pressure. Many of the known disadvantages 
of this gauge result from the delicate suspension of the free moving vane and the fact that the molecular 
damping of its motion ceases to be effective below 10mm. Hg. The authors describe a gauge designed to 
overcome these drawbacks by introducing a feedback system which maintains the moving vane very nearly 
in the position of zero rotation by means of a control force which in turn serves as an indication of the gas 
pressure to be measured. The new gauge is fitted with a range-change switch covering a total pressure range from 
10mm. Hg tol10mm. Hg and usesa moving coil instrument for pressure indication. Theactual radiometer element 
is of the type proposed by Fredlund and consists of three plates at different temperatures. The central radio- 
meter disc is assumed to have a temperature equivalent to the mean of those of the two fixed outer plates. 
It is fitted to one end of a sensitive balance vane which on the opposite side of the central suspension carries 
a disc which moves between two unheated plates. The latter two plates are connected to an a.c. bridge circuit. 
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Whatever movement is exerted on the radiometer disc is recorded by a change in the capacitances between 
the moving disc on the opposite side and the corresponding two plates connected with the bridge circuit. 
The amount by which the bridge is unbalanced is proportional to the ‘ error’ between the actual position of 
the radiometer disc and its zero position. The radiometric force for a given pressure is very nearly proportional 
to the temperature difference between the outer plates. If this is maintained constant, the ratio of maximum 
to minimum force is approximately 107 : 1 over the working range. To maintain the disc between the plates 
the control force must cover the same range. The latter is applied electrostatically using the plates of the error 
detector system as an attracted-disc electrometer. In the case of the particular instrument considered here, a 
control force of 0.07 volt was required for error correction at a pressure of 10-**mm. Hg. The control system is 
shown in a block diagram and a detailed analysis of the circuitry is given. The paper concludes with a discussion 


of the calibration procedure. 
Sommaire : La construction nouvelle d’une jauge Knudsen a réglage automatique est décrite, avec de nombreux 
details y compris une analyse complete des circuits nécessaires a son opération. 


An Electrostatic Differential Manometer of a Sensitivity of 2x 10-°mm. Hg per Scale Division 

Germany. In the course of an investigation on the viscosity of ortho- and para-hydrogen cooled down to low 
temperatures an electrostatic differential manometer has been developed which consists basically of a 
cylindrical chamber divided into two compartments by means of an aluminium diaphragm. Each compart- 
ment is joined to a separate low-pressure system and contains an electrode situated close to the diaphragm. 
The electrodes and the diaphragm form two arms of a high-frequency bridge circuit. If the pressures in the 
two systems differ, the diaphragm moves, the capacitance values between diaphragm and electrodes change 
and unbalance the electrical equilibrium in the bridge circuit. The resultant bridge current is amplified, 
rectified and indicated by a dial galvanometer. The sensitivity of the instrument is 2 10-®'mm. Hg scale 
division and is independent of the absolute pressure prevailing in the vacuum systems. 

Sommaire: Traité d’un manomeétre différentiel développé pendant les recherches sur la viscosité d’hydrogéne 


ortho et para. 


22 — MEASURING PLANT (VACUUM) — 22 


A Torsion Balance for Weighing Evaporated Films 
See Abstract No. 131/III. 


Tungsten Spring Balance for Vacuum Weighing 

United States. A highly sensitive but easily constructed spring balance is described which is fitted with a 
tungsten spring instead of the conventional fused quartz spring. Due to the low internal friction of quartz 
the damping force is small and it often takes several hours for the spring to come to rest. A tungsten spring 
however as used in the present design comes to rest 10 or 15 minutes after a disturbance. The spring is 
fabricated by winding 3-mil tungsten wire on a mandrel of about 1.1 cm diameter, a total of 23 turns. The 
spring is suspended from a rod attached to the ball joint at the top of a Pyrex tube which can be evacuated. 
The material to be weighed is placed in a platinum crucible attached to the lower end of the spring. The spring 
weighs about 100 mg. and the crucible 200 mg. The sensitivity of the assembly is approximately 525 micron 
p. mg. A reading down to 1 micron can be effected by observing the change in the position of a cross line 
attached to the spring extension with respect to a zero point line marked on the Pyrex glass tube. Due to 
elastic creep new tungsten springs stretch continuously under a constant load for many days. In order to 
counteract this a pair of friction clasps is provided which is operated from outside and keeps the spring in a 
rigid position while the balance is not in use and the crucible removed. 


Sommaire : Description d’une balance a ressort de tungsténe pour pesée sous vide. 


Structure of Oxide Replicas for Electron Microscopy 

Japan. The author refers to a letter he published recently stating that oxide replicas formed on iron single 
crystals were composed of oriented Fe,0, crystallites. Later, examining an NiO replica formed on a permalloy 
single crystal he found that the expected orientation had not taken place. Fresh investigation into the structure 
of NiO films grown on single crystals of permalloy after etching confirmed that the latter did not orient as 
regularly as the Fe,0, film on iron. An explanation for this effect is given as follows :—The Fe-Fe distance 
in the crystal formed on iron is 8.37A (lattice constant of the crystal). The double value of the distance 
(4.045A) between the nearest two atoms in the (111) plane of iron—the substrate—is 8.9A. The difference 
between these two distances is 3.5%. In the case of the NiO crystal the Ni-Ni distance in the (111) plane is 
2.95A whereas that of the substrate is 2.49A. The difference of the two distances here is considerably larger, 
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1.e. 18.5%. Films removed from iron specimens showed no signs of curling or expanding; films removed from 
the permalloy crystal however tend to tear. The conclusion was reached that only oxide films grown on 
metal surfaces, the atom distances of which coincide with those of the substrate, will reproduce the substrate 


Article by 
S. Yamaguchi 


surface satisfactorily. J. Ph 
Sommaire: Les conditions physiques sous lesquelles des films d’oxyde donnent une réplique fidéle de surfaces 23, Tan 989° 
metalliques, furent l’objet d’étude. 445-447 
A Method for the Electron and Optical Microscopic Examination of Identical Areas 96/11 
United Kingdom. Many attempts have been made to obtain optical and electron micrographs of the same 
area of an etched metal surface but great difficulty is experienced in identifying a micro-area of a plastic replica 
as seen in the electron microscope with the area of the etched specimen surface from which it was originally 
stripped. The usual dry-stripping technique enables optical and electron micrographs of the same area of a 
pearlitic structure to be taken by stripping the replica from the region of two small intersecting scratches on 
the surface of the specimen. However, these scratches cannot always be observed with certainty; they may 
be obscured by the bars of the grid. The method proposed in this article enables the replica-supporting grid 
to be positioned more precisely over the specimen surface and does not always involve the use of surface 
scratches. It makes use of copper grids now available with a centrally placed diamond shaped stop. The grid 
O is placed into a specially designed attachment of a normal bench metallurgical microscope (x 40 objective lens 
fitted with a x 10 eye piece graticule), and may be raised or lowered beneath the objective until in focus, 
traversed in two directions at right angles until centrally in position in the field of view and rotated to any 
desired orientation without reference to the positions of either the microscope tube or stage. The sequence of 
operations for stripping the replica from the chosen area with the aid of this device is as follows: (1) The 
specimen is held firmly in the holder and the feature of interest focussed under the central line of the graticule. 
(2) The microscope is tilted and the Formvar solution applied to the specimen surface. (3) The microscope is 
tilted back to the upright position, and the tape pressed firmly to the specimen surface by lowering of the 
microscope tube. (4) The microscope tube is raised and the replica is stripped. (5) The second grid can now 
be placed on the surface in exactly the same position as the first. There may be applications of this method Article by 
in other fields such as Biology. It could be used, for instance, where it is desired to strip a previously identified E. D. Hyam & 
colony of bacteria from its growth medium. 
Sommaire: Dispositifs aidant a obtenir des micrographies optiques ou electroniques de la méme région d’un "< Jane 1953" 
specimen, utiles pour l’étude comparative. 173-176 
On the Use of Chlorinated Rubber for Object-Supporting Films in Electron Microscopy 9T/I 
France. Preparation methods are given. The films are similar in appearance to collodion films, but are F _— Aid & 
resistant to alcohol and concentrated acids. 
(Science Abstracts) C. R. Acad. Sei. 
Sommaire : On recommande l’emploi de caoutchouc chlorure en films.comme types spécimens de transporteurs poe o4 = 51 
1590-1591 


dans la microscopie d’électrons. 


Recovery of Electron Microscope Grids 98/II 


United Kingdom. Grids used in the electron microscope cannot be cleaned by any of the usual solvents. 


O The nitrocellulose becomes insoluble in amyl acetate and even after prolonged boiling scraps of the film still 
It is suggested to pass the grid through an open flame. In the case of 


adhere to the corners of the squares. 
copper grids speed is essential to avoid oxidation, but in the case of woven nickel grids longer exposures (2 secs.) Letter by 
are possible. In one case a nickel grid was heated up and cooled down ten times without any sign of deteriora- G. Eaves 
tion other than tarnishing. Nature 
169, 7.6.52 
975-976 


Sommaire : Conseils sur le nettoyage de grilles de microscopes électroniques. 


26 — MATERIALS — 26 


Reactions of Artificial Graphite 
See Abstract No. : 156/I 


Thermionic Constants of Graphite 
See Abstract No. : 62/I1V 


Improvements i. & r.t. Rotary Vacuum Pumps 
See Abstract No. : 85/II 
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The Use of Diaphragms in Vacuum Engineering 

France. Diaphragms of highly flexible and non-porous material are important structural elements in vacuum 
engineering. Rubber appears to fulfil all requirements but was not in favour in the past because of its high 
evolution of gases when exposed to high vacuum. Now that synthetic rubber has become available which 
shows little degassing up to temperatures of 100°C, rubber diaphragms have come into favour again. To make 
rubber diaphragms a practical proposition bonding materials must be available which do not interfere 
with the flexibility of the rubber and do not impair the quality of the vacuum required in the apparatus. 
Design details are given of two typical apparatus employing rubber diaphragms. One is a vacuum tap and 
the other a vacuum mechanical valve designed on the lines reported in Abstract 36/2. In both cases Araldite 
is used as the bonding medium. A detailed description is given of the procedure required for the bonding of a 
perbunan diaphragm to metal. After thorough cleaning of both surfaces with trichloressolin a small quantity 
of Araldite is applied to the metal surface at room temperature which is then heated in an oven to 130°C. 
When the Araldite has become fluid the diaphragm is placed on it and the assembly kept in the oven for three 
hours at the same temperature. Subsequently the temperature is reduced to 100°C and the oven maintained 
at this temperature for another three hours in order to ensure complete polymerisation of the Araldite. 
Subsequently, the assembly is slowly cooled down to room temperature while still in the oven. 


Sommaire: Discussion sur l’emploi de diaphragmes en caoutchouc dans des éléments tels que les lampes- 
audions, et description des méthodes propres a assurer l’adhérence du caoutchouc au métal. 


Some Properties of Plastics and the Use of Plastic Apparatus at Low Temperatures 
See Abstract No.: 142/I 


On the Use of Chlorinated Rubber for Object-Supporting Films in Electron Microscopy 
See Abstract No. : 97/II 


Apparatus for Triple Distillation of Mercury 
United States. Even minute traces of foreign metals cause striking changes in the physical properties of 


mercury and can become troublesome where mercury is used in scientific instruments. Chemical purification 


is not sufficient in such instances. A distillation process is required to remove the impurities completely. 
An all-glass still unit designed for the triple distillation of mercury is described in this article. Before 
introducing the mercury into the unit it is subjected to a preliminary purification treatment as follows: In 
order to free the mercury from coarse particles of insoluble matter it is first filtered through a pin hole in 
leather, cloth, or similar material in the usual manner. Then, it is dropped into a metal pipe agitator, in 
which air is bubbled up through the mercury. As a result large quantities of the base metals present are 
oxidised. The final step, distillation, is carried out in the unit described consisting of three diffusion pumps of 
the umbrella type fitted with 350-watt heaters each. The mercury vapour rises from the boiler of the first 
pump through the funnel until it strikes an umbrella, which deflects it down on to the wall of the condenser. 
After condensation it drops into the boiler of the second pump. This cycle is repeated until it leaves the 
third pump and is collected in a receptacle. A controlled amount of air is allowed to enter each boiler. 
Passing over the mercury it oxidises any vapours of base metals present. In this manner base metals are 
removed completely in one distillation. If the mercury is contaminated with gold or platinum it has to be 
distilled twice, and where the impurities include silver, three successive distillations are required. The 
boilers are kept at a temperature of 200°C. and the operational pressure should be 20 mm.Hg. The unit can 
be cleaned by distilling nitric acid in place of mercury. 
Sommaire: Détails d’un arrangement utilisant des pompes 
poussée du mercure. 


a diffusion de mercure pour la purification 


28 — APPARATUS COMPONENTS — 28 


Some Considerations on the Design of the Re-entrant Tube Vapour Trap 

United Kingdom. The design of the standard type of re-entrant vapour trap is discussed with special regard 
to the conditions for maximum conductance and minimum thermo-molecular pressure effects. Considering 
the ‘long’ trap it is shown that for a fixed value of b, the internal radius of the outer tube, maximum 
conductance a*=(b*-c*) (b-c) where a is the internal radius of the inner tube and c its external radius. 
Starting with the general thermo-molecular pressure equation it is shown that when a trap is refrigerated, the 
pressure differences obtaining between the two ends of the inner and outer parallel tubes, may well be 
different, thus giving rise to a pressure difference across the trap, as shown by the results of Fredlund. Using 
the Maxwell Hettner-Czerny equation, it is shown that at certain pressures the effect described will be absent if 
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but the applicability of this relation is limited to higher pressures where the effect is never large enough to 
be of significance. At lower pressures where (b—c) and a are of the order of the gas mean free path, pressure 
differences of the order of a few microns may be produced, and here intuitive reasoning and experiment gives 
the condition for a minimum difference as a=b-c. It is suggested that where very accurate pressure 


measurements are needed, symmetrical U-tube traps should be used. 
(Author) 


Sommaire: Discussion de la construction du type standard de piéges a vapeur ré-entrante, attention 
particuliére étant prétée aux conditions de conductance maximum et aux effets de pression thermo-moléculaires 
minimum. 


Removable Bowl Cold Trap 
United States. Cold traps used on vacuum systems have to be handled from time to time in order to recover 
the condensate which has collected in the trap. Where these traps are made from glass, they are usually joined 
to the system by means of tapered or spherical ground joints. Often, however, these joints stick badly even 
when well lubricated and this results in frequent breakages. A design is described which eliminates these 
difficulties and has proved successful over a long period. The bowl of the new trap has a ground flange at 
(@) the open end. This flange fits a metal flange of the system’s tubulations which retains a Neoprene or gum 
rubber gasket and is sealed to the system by the action of the atmosphere. In order to improve vacuum 
tightness it is recommended to coat the gasket with Apiezon grease. When the system is not evacuated the 
bowl is held in position by an ‘ O’-ring slipped on to the reversed side of the flange of the bowl which is 
gripped by two metal segments fitted to the metal flange of the plant tubulation. 
Sommaire : Description de la construction améliorée d’une piége a froid du type a cuve, laquelle élimine le 
danger de rupture du piége pendant sa manipulation, cas frequent ordinairement, lorsqu’on emploi des 
joints coniques ou spheriques usuels. 


A Greaseless Mercury-Sealed Vacuum Tap 


United Kingdom. Mercury cut-offs are usually provided where it is undesirable to bring tap greases into 
contact with the gases and vapours inside a vacuum system. This involves the use of large quantities of 
mercury. In order to combine the advantages offered by a mercury cut-out with the convenient compactness 
of a greased tap the design of a tap lubricated with colloidal graphite has been developed where only mercury 
is in contact with the vapours and gases in the system. The plug of the new tap is divided into two compart- 
ments. The upper compartment is filled with mercury through a hole in the handle and is shaped in such 
a manner that the mercury forms a ring seal with the barrel below the portion which is lubricated. The lower 
compartment is open at the bottom end and fits the barrel closely enough to prevent mercury from being 
forced between barrel and plug. The barrel is designed to hold a certain quantity of mercury in the space 
surrounding the inlet. Connection to the vacuum system is made through a hole in the wall of the lower 
compartment of the plug. The top assembly is fitted to the vacuum system on an angle against the vertical. 
Thus the hole in the plug is covered by the mercury kept in the barrel when the tap is in the closed position. 


Sommaire : Robinet combinant les advantages d’une vanne a mercure avec ceux d’un robinet usuel. 


An Easily Made Flexible Vacuum-Tight Joint. 
United Kingdom. In the course of a study of the structure of thin films of polymeric materials it became 
necessary to fit a shutter system to the electron diffraction camera and some of these shutters had to 
be rotated through fairly large angles. In the circumstances it was not possible to construct a conical joint. 
A simple vacuum-tight joint specially developed for this application is described and shown in an illustration. 
It allows for the shaft driving the shutters to be rotated through 90° with a knob fixed to the shaft end 
protruding from the vacuum chamber. The shaft is seated in a sleeve welded to the chamber wall. The 
end protruding from the chamber is covered with a piece of rubber tubing, the inner diameter of which is 
wide enough to prevent sticking on the shaft and the wall thickness of which is sufficiently large to prevent 
collapsing when the chamber is evacuated. One end of the tubing is sealed to the shaft near the knob and 
the other end is sealed on to the face of the sleeve in the chamber wall. Ordinary sealing wax was used. In 
operation, the knob twists the rubber tube. The total amount of movement available is governed by the 
flexibility of the rubber. 

Sommaire : Détails d’un joint a vide flexible permettant un mouvement circulaire allant jusqu’a 90°. 


Simple Vacuum Seals 


United Kingdom. The author designed a rotary vacuum seal which constitutes an improvement over the 
conventional Wilson and ‘O’-ring seals as it makes it unnecessary to shape the rubber and neoprene 
components of the seal as accurately as is required in the case of the aforementioned seals. Several variations 
of the new seal design are presented. 


Sommaire : Un nouveau joint a vide rotatif. 
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Demountable Vacuum Seals 

United Kingdom. Three types of seals are described. One is a Wilson-type seal suitable for use with a 
glass end plate on a vacuum system and another an ‘ O ’-ring seal to join a glass panel and a glass flange. 
The size chosen of the ‘ O’-ring is such that it rests on the highest part of the flange. On the inside the ‘O ’-ring 
is supported by a metal ring. Up to eight seals of the latter kind have been used with success in vacuum 
systems operating at a pressure of 3 x 10-° mm.Hg. 

Sommaire: Description de joints, facilitant l'emploi de plaques en verre ou en métal dans des installations 
a vide, et pouvant étre facilement demontés. 


A Glass Sleeve Coupling 
United States. All-glass laboratory vacuum apparatus often requires connections which must be rigidly 


aligned with respect to each other but at the same time must be so designed as to provide a coupling unit 
which gives access to the system for cleaning purposes, etc. The unit described here answers these requirements 
and was originally designed for incorporation in the gas inlet system of a spectrometer. 


conical joints, one of the dimension 19/38 and the other of the dimension 24 /406. The two female parts of 


It consists of two 


the joints are fused to either end of a loose extension piece. The male part of the smaller joint is fitted to 
the fixed tubulation with an extra length between the actual cone and the end of the system which is slightly 
longer than the dimension of the centre portion of the loose component. The loose component can thus be 
slipped over the fixed tubulation into a position sufficiently far back to allow access to the male part of the 
smaller joint. A sketch of the sleeve coupling is shown. 


Sommaire: Détails d’un joint en verre permettant un alignment rigide des tubes dans un systeme a vide en 
verre, et en méme temps, facilitant l’accés au systeme pour le nettoyage etc. 


A Sealing Technique Utilising Optically Polished Sealing Faces 
See Abstract No. : 67/IV 


Vacuum Seals for Continuously Evacuated Accelerator Tubes Operating in High Ambient Pressures 


United Kingdom. A method of sealing accelerator tubes with a bonding resin is reported. Test results showed 
that unless the resin is protected from electrical discharges in the vacuum, these discharges cause the formation 
of carbon tracks. A design of seal which gives such protection is described. 

(Authors) 


Sommaire : Rapport sur une méthode de scellement de tubes accelérateurs avec une résine synthetique liante. 


The Use of Diaphragms in Vacuum Engineering 
See Abstract No. : 102/II 


29 — MISCELLANEOUS APPARATUS — 29 


Low-Pressure Helium Continuous Cloud Chamber 
See Abstract No. : 143/I 


Vacuum Vessel Construction Techniques and Sealing Methods 
See Abstract No.: 141/I 


A Stratosphere Test-Chamber : Design, Construction and Operation 


Australia. Details are given of a test-chamber for the checking of aircraft instruments built for the 
Aeronautical Division of the Council of Scientific and Industrial Research. The test chamber is to reproduce 
all atmospheric conditions, in which aircraft have to operate, i.e. it is to simulate operational conditions at 
temperatures from —70°F to +158°F, humidities ranging from 25% to 95% in the region above 32°F, and 
rarefied atmospheres down to 26 inches. The actual test-chamber has a dimension of 15 x 15 x18 inches, 
the whole unit is 6 ft. 6 in. x6 ft. 6 in. x2 ft. 8in. The article deals mainly with the refrigeration equipment 
required. 

Sommaire : Détails de construction d’une chambre d’essai stratosphérique établée pour le contrdle d’appareils 
de bord, mais la plus grande partie de l’article traite de l’équipment de réfrigeration uniquement. 
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A Manostat for Constant Pressure in Vacuum Distillation 

Holland: Change of pressure in the system causes a regulator to make contact which electronically opens 
a valve connecting the system to a vacuum supply restoring the original pressure. A vacuum desiccator as 
reservoir has generally enough supply for 5 hours. 


(Chemical Abstracts) 
Sommaire: Discussion d’un dispositif de réglage de basse pression. 


Vacuum Controller 


United States. An improvised vacuum controller is described and illustrated. It consists of a gate-type check 
valve mounted between the pump and the system to be evacuated in such a way as to permit atmospheric 
air to flow into the vacuum system. The valve is kept closed by attaching a weight to the valve gate. This 
arrangement limits the absolute pressure in the system to a value P= Atmospheric pressure—(Weight attached 
to the gate/Cross sectional area of the valve seat opening). 


Sommaire: Détails d’un controleur de vide, réalisable avec des moyens simples. 


A Laboratory Pressure Regulator 


United States. An adjustable constant-leak device, already well proved in service, is described. It consists 
of a small-diameter rubber tubing attached to a glass T-joint with a roll of tissue paper forced tightly into the 
open end of the tubing. The T-joint is sealed into the vacuum system. The leakage can be adjusted to the 
required amount by means of a small screw compressor. The device has been used for some time in a 
low-pressure laboratory distillation unit which was served by a mechanical pump and fitted with a 1-litre 
surge chamber: It was found possible to control the pressure with this arrangement within less than 1 mm.Hg 
at an operational pressure level of 5 mm.Hg. 


Sommaire: Un dispositif de fuite constante, controllable, lequel peut étre fabriqué a partir d’éléments 
généralement obtenables dans un laboratoire, est décrit. 


Improvements in Methods of Tracing Leaks in Vacuum Vessels and in Devices Therefore 


United Kingdom. A method is proposed for the tracing of leaks in evacuated vessels which uses an 
ionisation manometer of the type consisting of a magnet providing magnetic lines of force which intersect 
the cathode of a glow discharge but not the anode. The manometer tube is sealed airtight to the vessel to 
be tested. Its only communication with the vessel is a palladium tube which can be heated electrically. If 
hydrogen is sprayed on to the vessel and penetrates through a leak in the walls it will eventually penetrate 
through the palladium tube into the manometer envelope where it is burnt off rapidly in the glow discharge. 
An instrument designed in accordance with this principle was found to detect leaks causing a pressure 
increase of no more than 10-5 mm. Hg. per minute in the vessel tested, after spraying with hydrogen for no 
longer than five seconds. 

Sommaire: Description d’une installation de détection de fuite utilisant l’hydrogéne comme gaz détecteur, 
et du palladium comme moyen de transmission, ainsi, qu’une décharge luminescente pour détecter l’hydrogéne 
dans l’enceinte. 


Vacuum System Leak Detector 


United States. A leak detector of the probe-gas type is described provided with an oscillator power unit which 
facilitates audible indication of the presence of aleak. The audible indication can take the form of a transitory 
squeal as soon as a leak is encountered and probe gas enters the test vessel. Alternatively, one can arrange 
for the permanent emission of a tone which rises and remains at the new level when a leak is detected as long 
as gas is applied to the leak. Finally provisions can be made for eliminating the undesirable and harsh 
higher frequencies of the sound produced, and instead, a pleasant rhythm effect can be obtained. The 
apparatus is shown in the patent to operate in conjunction with a Pirani gauge as the leak detecting element 
but it is pointed out that it can be used in conjunction with any other type of leak detecing element. 


Sommaire : Description d’un détecteur de fuite a indication audible. 
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30 — EVAPORATION — 30 


Apparatus for the Vapour Deposition of Metals 


United States. The work chamber of a vacuum evaporation plant has to be reasonably large in order to 
ensure good-quality deposits. On the other hand, the larger the chamber, the longer is the time required for 
pumping down to the operational pressure level. In order to shorten this time it is proposed to use a 
collapsible chamber. The new chamber consists of two rigid end walls and a side wall of the expandable 
bellows type. One end wall carries the work holder and the other the evaporation source and a valve-controlled 
outlet for connection to the vacuum pump. After loading the chamber with the articles to be coated and the 
material to be evaporated it is pumped down still in the collapsed state to a pressure of approximately 
0.2mm. Hg with the help of a rotary pump. Then, the chamber is expanded by a special mechanism and thus 
the pressure reduced still further to reach the desired ultimate. Whilst the chamber is expanding the 
evaporation source (a filament with the charge wrapped around it) moves out of a recess into the working 
position. In order to counteract degassing during operation it is advisable not to expand the chamber fully 
before evaporation has started. An embodiment of the invention suitable for the coating of concave glass 
mirrors is described but it is stated that the new method is equally suitable for other objects. 


Sommaire : En vue de reduire le temps de pompage sur des appareils a évaporer il est suggéré l’emploi d’une 
cloche pliable, laquelle rarifierait l’atmosphere de gaz residuel, lorsqu’elle est deplice 


Vacuum Coating Process and Apparatus Therefor 


United States. An evaporating plant is described which is designed for continuous processing, i.e. the coating 
of strips, bands etc. Its essential feature is an evaporation source which is continuously charged. The material 
to be evaporated (aluminium, gold, silver and copper are mentioned) is used in the form of rods. The rod 
is introduced into the coating chamber from below by means of a hand operated device and is moved vertically 
along the axis of an induction coil which is positioned at some distance from the base plate of the chamber, 
facing the band to be coated. The tip of the rod should reach a point approximately halfway through the 
length of the ceil. The coil is supplied with a.c. current of a frequency from 5 to 50 Ke. As a result the tip of 
the rod is heated to the temperature required for evaporation. At the same time, due to the electro-magnetic 
field set up by the coil, the molten portion of the rod is supported laterally and kept compact whereas the 
solid portion of the rod below the coil continues to serve as a vertical support. Thus no crucible is required 
to hold the material to be evaporated. The molten end-portion of the rod has the appearance of a glowing 
wavering finger. Any oxide skin which may form on the molten material flows down to the cooler zone. At 
the end of the evaporation process, when the coil is de-energised, the molten tip of the rod collapses and flows 
down the sides of the rod. This can be avoided by de-energising the coil gradually which permits re-solidification 
of the tip. Where a specific amount of material is to be evaporated in one operation it is suggested to use 
a pot-like crucible suspended from the induction coil. Here again, due to the presence of the electro-magnetic 
field, the material has no contact with the walls of the container during melting and evaporation. 


Sommaire : Construction d’une installation d’évaporation sous vide ayant la particularité que l’évaporation 
peut etre faite en évitant le filament ou creuset habituel comme source. 


Low Pressure Vaporisation Apparatus 


United Kingdom. Usually observation of the evaporation process is facilitated by a window in the wall 
of the work chamber which permits observation directly or indirectly by means of a mirror. These arrange- 
ments are not always practicable. It is proposed, therefore, to use a different method which is based on the 
fact that all metals emit electrons when heated. For many metals this emission is slow until the vaporisation 
temperature is reached, when the rate of emission rises rapidly. A metal plate placed between the evaporation 
source and the object to be coated collects the electrons emitted by the hot metal and serves as a shutter, 
preventing deposition on the object. In the arrangement described this collector plate is supplied with d.c. 
current from a source, the negative terminal of which is connected to one electrode of the evaporating 
filament. A switch, a meter and a relay is incorporated in the d.c. circuit. After evacuation the filament 
is heated in the usual manner. By closing the switch in the d.c. circuit a potential is applied between the 
heater element and the shutter. The relay in the d.c. circuit is adjusted to operate at a current level slightly 
below that corresponding to the steady state of vaporisation. When it operates it closes a third circuit which 
causes the shutter to move, exposing the object to the vapour beam. The device can be used to indicate 
failure of vaporisation or to maintain a constant rate of vaporisation by controlling the temperature of the 
evaporation source. 


Sommaire: Méthode de controle du progrés de l’évaporation sous vide faisant usage des electrons émis par 
le metal chaud, pour opérer un obturateur placé dans la trajectoire du rayon moléculaire. 


The Deposition of Boron and B,C 


Sweden. Two methods of depositing elementary boron and boron carbide by vacuum evaporation are 
described. The material is heated up by passing a current of 300 A through a graphite crucible which forms 
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one of two electrodes of an arc. Deposits of 60ug/cm* of elementary boron and 140ug/cm? of boron carbide 


have been obtained in a single operation. Repeating the process facilitates heavier deposits. 
(Author) 


Sommaire: Description de deux méthodes de déposition de bore et de carbure de bore par évaporation 
sous vide. 


Measurement and Control of the Thickness of Thin Films 

United Kingdom. The thickness of thin films may in general be measured by gravimetric, photometric, 
polerimetric, or interferometric methods. The principles and some refinements of these methods are described, 
together with examples of some other methods (X-ray, radioactive tracer, and electrical) of more limited 
application. Most of the methods have also been adapted for the indication or control of the thickness of 
films deposited by high vacuum or sputtering processes. The films measurable by the methods described 
oO range in thickness from a few Angstrom units to a few microns. The bearing of the method employed on 
the meaning of thickness values is briefly discussed. 


(Author) 


Sommaire: Revue des plus importantes méthodes existant pour la mesure’ de l’épaisseur de couches minces. 


A Torsion Balance for Weighing Evaporated Films 


United Kingdom. A simple torsion balance has been developed for measuring the thickness of films deposited 
on an article whilst evaporation is in progress. The balance consists of a beam made from 24 s.w.g. copper 
wire 5 cm. long, one end of which carries a mica spade on which the material is deposited. The latter has a 
size of 4.2 cm.” and must be placed in an area of the vacuum chamber, where the density of atoms falling upon 
it is equal or in a known ratio to the density of atoms falling on the article to be coated. A counterweight 
and a vertical staff are provided so that the centre of gravity of the suspended mass can be brought on to the 
axis of suspension. A mirror facilitates the measurement of the deflection of the beam (=10° either side of 
the horizontal). The suspension consists of two lengths of phosphor bronze strip, 2.5 cm. long, and is kept 
tight by means of a spring. The period of the balance is 6 seconds. To obviate the effects from electric 
charges which may develop on the spade, a metal film is deposited on the spade which is connected electrically, 
through the balancing mechanism, and the suspension, to the balance case. The latter can be closed with a 
lid, operated from outside, giving protection against electrostatic forces originating elsewhere in the work 
chamber and against the effects of the glow discharge employed for cleaning the objects to be coated. Films 
down to a thickness of 10A have been determined accurately with the balance. (For a sketch of the balance, 
see page 218 of this issue.) 


Sommaire: Description de la construction et des performances d’une balance de torsion, laquelle est 
introduite dans la cloche pendant l’évaporation sous vide et sert de moyen a mesurer l’épaisseur du dépot. 


An Early Exact Solution for the Reflectance of Reflection-Increasing and Reflection-Reducing Films 
See Abstract No. : 147/I 


On the Optical Properties of Very Thin Metalic Films 
See Abstract No.: 148/I 


On the Colour of Reflection-Reducing Layers 
Germany. It is often said that the quality of a reflection-reducing layer is indicated by the colour it exhibits 
when reflecting light. A good reflection-reducing film is supposed to exhibit a saturated blue in reflected 
light. This is not correct in all cases. The facts are that a good-quality reflection-reducing film can reflect 
a range of colours from violet to pale blue, the factor determining the colour being the refractive index of the 
glass supporting the film. Two conditions must be fulfilled in order to obtain maximum reduction of 
reflection : (1) ns.d=A/4 and (2) ns=4/ig, where ng is the refractive index of the layer, ng the refractive 
index of the glass, d the optical thickness of the layer and A the wavelength of the light. In films of this 
kind, the light of a particular wavelength A, usually chosen to be in the middle of the visual spectrum, is 
extinguished altogether. As a result the remaining wavelengths of the white light will give a more or less 
pronounced coloured appearance. To satisfy Eqn. (2) some 180 different materials would have to be available 
for the production of reflection-reducing films, just as many as there are varieties of optical glass with 
different refractive index, but so far only 10 suitable substances have become known. Thus the optical 
manufacturer producing reflection-reducing films is limited to one or two materials in each ase. With the 
known substances the reduction of reflection by a single layer film deposited on glasses with low refraction 
indices can only be influenced to a small degree. Where the glass and the substance of the layer have the 
same refractive index there is no means of influencing it at all. The author shows, how these conditions 
affect the colour appearance of reflection-reducing films and prevent a proper judgement of their quality 
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by the apparent colour unless all optical conditions are known. In each case transmission and reflection of 
the light will have to be measured. These considerations apply to single-layer reflection-reducing films only 
and not to multilayer films where conditions are different. 

Sommaire : Bréve note devant prouver que l’opinion populaire que la qualité d’une couche anti-réfléchissante 
serait indiquée par la couleur de cette couche, est incorrecte. 


The Use of Multilayer High Reflecting Films for Reflection Multiple-Beam Interferometry. 
See Abstract No. : 150/I 


Optical Characteristics of Iron Oxide Films Deposited by the Evaporation Method 

United Kingdom. In an endeavour to find a method of manufacturing highly absorbing films the authors 
deposited iron oxide films on glass by the evaporation method. They found that the oxide was reduced as 
long as the evaporation was carried out at the normal pressure level. As a result the reflectivity of the films 
increased and the colour of the transmitted light changed. If, however, evaporation was carried out at a 
higher pressure, say 1 » Hg, the deposited material, as distinct from the remainder of the evaporated 
material, was re-oxidised. These observations led to the assumption that the re-oxidation was due to the 
adsorption of gas molecules during the actual process of condensation. Calculations based on this assumption 
showed that absorption of the films and residual gas pressure in the chamber are closely related. Further 
means of improving the light absorption of iron oxide films are: baking of the deposit in air and the 
evaporation of mixtures of Fe,O, and other compounds. Deposits of some of the mixtures show a reduced 
reflectivity and a lower refractive index. The deposition of an MgF, layer on top of the iron-oxide film 
reduces the reflectivity still further. In this manner films of low reflection and high absorption can be produced 
as required in the manufacture of tinted ophthalmic lenses. An investigation of the properties of other metal 


oxides may enlarge the variety of useful tints. 
Sommaire : Etude des caractéristiques optiques de films d’oxyde de fer, deposés en vue de la production de 
couches a forte absorption. 


Structure of Oxide Replicas for Electron Microscopy 
See Abstract No. : 95/II 


Photo-Conductivity in Vacuum-Coated Selenium Films 
See Abstract No. : 151/I 


Measurements on Iron Films 
See Abstract No. : 150/III 


Electrical Properties of Thin Metallic Film 

United States. In the case of bulk metals calculations of the electrical characteristics are usually made in 
terms of the free electron theory. The conduction electrons are assumed to migrate freely through the 
lattice, undergoing collisions similar to molecules in a gas. Collisions at the surface of the bulk material are 
assumed to be negligible, but surface effects must be taken into account, if any dimension of the bulk 
conductor approaches the length of the mean free path. Fuchs made an analysis of this condition for the 
case of plane films with an electric field applied parallel to the critical surface. Sondheimer extended this 
analysis for the case of a magnetic field perpendicular to both the critical surface and the electric field. The 
solutions of both investigations are presented in graphical form. In order to obtain experimental confirmation 
silver films were prepared of a thickness from 150-1,500 A deposited by the evaporation method at a 
pressure of 10-2 micron Hg. Silver was chosen as it has a large electronic mean free path, and bulk 
conductivity characteristics conforming to calculations based on the free electron theory. A tungsten helix 
served as the evaporation source. The silver wire to be evaporated was wound on to the helix and covered 
with molybdenum wire. The latter caused the molten silver to form membranes stretched between the 
tungsten and molybdenum wire facilitating a bigger charge and greater surface area for evaporation. The 
thickness of the deposits was measured by the interferometer method described by Tolansky. All electrical 
measurements (Hall coefficient and conductivity) were carried out by a d.c. method, described in detail. 
Three temperature ranges were investigated : liquid nitrogen, dry ice and acetone, and room temperature. 
The physical structure and chemical properties of the films were examined by electron diffraction and electron 
microscopy. At thicknesses below 300 A aggregation was observed. This agrees with the results of the 
electrical measurements indicating a sharp break at 300 The experiments proved that Hall coefficient 
and conductivity vary with the thickness of the films but only qualitative agreement could be obtained 
between theory and experiment. 

Sommaire: Recherche sur les propriétés électriques de couches minces métalliques, en vue de prouver 
expérimentalement l’analyse théorique de Fuchs et Sondheimer. 
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Direct Evidence for the Conductivity of a Thin Dielectric Specimen Subjected to an Electronic Bombardment 
See Abstract No. : 140/I 


Changes in Work Functions of Vacuum-Distilled Gold Films 
See Abstract No. : 63/IV 


The Adsorption of Gases on Metal Filaments, Films and Single Crystals 
See Abstract No. : 47/IV 


The Properties of Metallic Coatings Produced by Evaporation and Sputtering 
See Abstract No. : 127/I 


Practical Considerations in the Application of Vacuum Coating for Metal Finishing 


United Kingdom. An important advantage of the vacuum evaporation technique which is instrumental in 
its adoption for metal finishing, is the fact that non-conductors can be coated directly. Thus, extensive 
polishing of reflectors, for instance, is unnecessary, as long as a smooth lacquer film is applied to the metal 
base prior to deposition. The author concentrates in this paper on the conditions as they apply to the 
evaporation of aluminium, the most widely used material in metallisation by vacuum methods. The 
evaporation source is usually a tungsten filament of which there are two main types, the single-strand filament 
with the charge attached in the form of small loops and the multi-strand filament with the charge consisting 
of a bent single length of aluminium wire. In the case of the latter the tungsten wires are twisted together 
and then coiled, forming a core for the molten aluminium. A filament of this type lasts longer because alloying 
is less severe and the rate of evaporation is increased because the vapour emitting surface is larger. A fast 
rate of evaporation improves the texture of the film. The structure of the film has an important bearing on 
performance. To obtain a specularly reflecting surface the elevation of surface irregularities must not exceed 
1/16 of the wave length of the incident light, otherwise the reflected beam is diffuse. Opaque aluminium 
films appr. 0.05 micron thick have a very small grain size when deposited on polished surfaces and conse- 
quently aluminium front-surface mirrors have a high degree of specular reflectivity. Films about 1 micron 
thick, however, are usually granular and scatter the incident light. Granulation can be brought under control 
by varying the source geometry or by the application of masks which will allow the vapour atoms to reach 
the surface at normal incidence only. Various designs of work holders are described and shown in illustrations. 
Some workers appear to believe that high tension bombardment for cleaning purposes is unnecessary in the 
case of coating plastics. This is not confirmed by the experience of the author. For instance, it is very 
difficult to obtain adherent films on polytetrafluorethylene but after bombardment to near the softening 
temperature aluminium deposited on this material shows improved adhesion properties. Finally, the author 


discusses the reflectivity of evaporated aluminium films. Aluminium possesses two of the most desirable 
properties, high reflectivity and tarnish resistance. Electrolytically-polished solid aluminium reflectors 
require a very pure metal base to obtain good reflectivity and a polished finish prior to treatment. These 
disadvantages are absent if the process of vacuum evaporation is employed because (1) only small quantities 

re) of the metal are vaporised and (2) surface polishing of the metal base is superfluous. The reflectivities of 
evaporated aluminium and silver films in the visible region are compared in a diagram which shows 
incidentally that evaporated silver does not tarnish as rapidly as chemically deposited silver. A case is 
quoted of a front surface aluminium mirror which had been in constant laboratory use for 4 years. Its 
reflectivity decreased by no more than 4%, i.e. from 89% to 85°% during that period. 


Sommaire: L’auteur discute divers aspects techniques du procédé d’évaporation sous vide, tels que la 
construction des sources, les propriétés de l’aluminium comme matiére a évaporer et les conditions particuliéres 


créées par le plastique comme matériel a recouvrir. 


‘Elastic’ and ‘ Plastic’ Hardness of Hard Materials 
See Abstract No.: 144/I 


31 — CATHODIC SPUTTERING — 31 


On Cathodic Sputtering 
Germany. This article deals with the design of sputtering devices, the physics of sputtering phenomena, the 
diffusion of the metal atoms through the chamber and the mechanism of film formation. If a voltage of 
about 1 to 3 kV is applied to electrodes in a discharge vessel at a reduced pressure, a glow discharge develops. 
This glow discharge covers part of the cathode face so that current density and cathode fall assume a specific 
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value which is determined by the nature and the pressure of the gas present, and the nature of the cathode 
material but is independent of the value of the current and the voltage applied. At this stage disintegration 
of the cathode begins in the form of a chemical process whereby ions of the gas, charged with high energy 
in the dark space enter unstable combinations with the metal of the cathode material. Entering the luminous 
portion of the glow discharge these combinations dissociate again and the metal atoms liberated in this 
manner deposit on the nearest cold surface. As a result the current passing through the chamber increases 
and the glow discharge eventually covers the whole of the cathode face. Cathode fall and current density 
are now dependent to an increasing degree on the current passing through the apparatus. The sputtering 
rate rises in direct proportion to this increase. However, no theory has been developed yet which explains 
fully the mechanism of cathodic disintegration. According to one school of thought, the impact of the gas 
ions causes intense local superheating on the cathode surface leading to the evaporation of the metal in that 
place. The number of ions hitting the cathode per unit time increases with the current and their impact 
energy is a function of the cathode fall. This form of sputtering, known as impact disintegration, does not 
exclude the presence of the phenomen of chemical disintegration but it accounts for the greater part of the 
disintegrated material. The metal atoms ejected from the cathode lose their energy soon due to collision with 
molecules of the gas in the chamber, and concentrate in the form of a metal gas cloud close to and in front 
of the cathode face. From here some atoms diffuse slowly in the direction of the nearest cold surface but 
by far the greater number returns to the cathode and forms a layer appearing like dust on its surface which 
Oo in certain circumstances may present a serious obstacle to further disintegration of the cathode. In order 
to overcome this effect the area of the cathode face should be as small as possible. For this reason wire mesh 
cathodes have been recommended. A case is quoted where a cathode consisting of meshed silver wires 
facilitated the production of a film in two minutes which required three hours when using a cathode of 


conventional design. 
Discussion des aspects physiques et technologiques de la desintegration par atomisation 


Sommaire : 
cathodique. 


The Properties of Metallic Coatings Produced by Evaporation and Sputtering 
See Abstract No. : 127/I 


On the Optical Properties of Very Thin Metallic Films 
See Abstract No. : 148/I 


Measurements on Thin Iron Films 
Measurements were taken of the electrical resistivity of iron films produced by sputtering and 


Belgium. 
evaporation. Details of the sputtering apparatus are given in a previous publication. The apparatus used 
for the evaporation experiments is described fully in the present article. Strips of electrolytically cleaned 


iron were employed in both series of experiments. The films were deposited on glass. The evaporated films 
were annealed in neon at 300°C for about an hour until the resistance value became constant. The structure 
of the films was examined in the electron microscope. The results are given in tables reproduced below in 
abbreviated form. The properties of the two types of films differed appreciably. This is attributed to 
the fact that the sputtered films were more amorphous than the evaporated films. 


Specific Resistance of Sputtered Films 


Thickness 
(mp) 


Q 
(Ohm cm) 


0.0016 


2 297 

3 245 0.0030 
4 237 0.0042 
5 195 0.0047 
7 159 0.0092 


Specific Resistance of Condensed Films 


Thickness 
(mp) 


Q (Ohm cm) 
Before Annealing 


Q (Ohm cm) 


After Annealing 


159 0.00089 0.00076 
13 192 0.00057 0.00047 
14 274 0.00067 0.00059 
15 294 0.00064 0.00054 
16 332 0.00069 0.00050 


Sommaire: La resistivité de films minces de fer a été measurée et comparée avec celle d’un film equivalent 
produit par atomisation cathodique. 
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Transparent Conducting Films on Glass 


United Kingdom. As early as 1907 it had been observed that suitable after-treatment of sputtered metal 
films can cause the formation of oxide films which exhibit appreciable electrical conductivity. There are 
many applications where good transparency coupled with a possibility of dissipating considerable electrical 
power are required in a film. A transparent film of American origin is quoted which is used for the heating 
of motor car windscreens and windows. In 1947 the Light Division of the National Physical Laboratories 
started research on such films in connection with work on the selenium rectifier photocell. Experimenting 
with tin deposits on glass films were obtained which became transparent and gradually acquired an 
appreciable electrical conductivity. These observations led to the development of a new process for the 
manufacture of transparent conducting films on a laboratory scale. It consists essentially of depositing a 
partially oxidised tin film on glass by sputtering and subsequently subjecting it to a suitable heat treatment. 
The optical transmission of the films is approximately 75%. Their resistance measures about 1,000 Ohms 
between the opposite edges of any square area but a reduction of this figure can be expected as a result of 
work in progress. The process is suitable for a variety of substances. 


Sommaire. On donne ici un bref rapport sur les travaux des Laboratoires de Physique Nationale s’occupant 
de la fabrication de films transparents conducteurs. 


The De-Icing of Optical Instrument Windows 


United Kingdom. A method embodying electrically conducting transparent films to free and maintain 
freedom from ice on the external windows of optical instruments is described. The film which is applied to 
the inside of the normal window of the instrument is cadmium oxide and is deposited by sputtering im vacuo. 
The film is of uniform thickness of the order of 0.5 to 1 wavelength of light and the method is applicable to 
surfaces that have been optically worked. The report gives a brief description of the film and its development, 
describes the method used for its production, gives particulars of laboratory trials on glass samples and details 
of a sea trial carried out on H.M.S. Tyuelove on a window included in a finished instrument. Whilst 
recommended for immediate adoption further work is essential to complete the development of this project. 
(Author) 


Sommaire : Rapport sur la performance de films d’oxydes de métaux fabriqués par projection cathodique et 
conduisants du courant électrique, et remarques sur leurs emplois potentiels. 


The Corrosion of Zirconium 
See Abstract No. : 168/I 


33 — IMPREGNATION — 33 


Sealing Porous Castings by Vacuum Impregnation 


United Kingdom. A company manufacturing impeller-type water pumps for fire engines was forced to scrap 
all pump casings which exhibited leaks during the pressure test after machining. These casings are of an 
intricate design, cast in phosphor bronze and thus of considerable value. Therefore, an attempt was made 
Oo to save the rejects by impregnating them with a plastic material. The article describes the successful 
application of a vacuum impregnation process for the purpose. After loading, the vacuum chamber was 
pumped down to a pressure of 0.5 inch Hg with the help of a reciprocating pump and maintained at this 
pressure for about 10 minutes. It was assumed that all air had been removed from the casing after this 
treatment and Bakelite resin was fed into the chamber until all components were submerged in it. Then 
compressed air was admitted until a pressure of 20 lb. per sq. inch was built up. After 20 minutes the tank 
was opened and the components were removed and drained. Finally, a curing operation was added. 
Originally, only the parts rejected on the pressure test were processed in this way but it was soon decided 
to make this process an integral part of the ordinary production procedure, and to apply it to a great number 
of other components. 
Sommaire : Certaines fontes de bronze phosphoreux, utilisées pour un certain type de pompe, ont fréquemment, 
aprés usinage, accusé des porosités. L’article décrit une méthode d’impregnation sous vide de ces éléments 
avec de la bakélite, permettant de récuperer ses piéces, qui donnérent entiére satisfaction. 


36 — DRYING — 36 


New Laboratory Evaporator 

New Zealand. The apparatus described was developed by the Chemical Engineering Section of the Dominion 
Laboratory for the special purpose of evaporating grass extracts. The evaporator consists of a standard 
5-litre glass flask. A vapour pipe is inserted through the wall of the upper part of the flask reaching into the 
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vessel up to a distance of 5-10 mm. from the opposite wall. The heated tube, preferably made from silver, 
is jacketed for use with steam as the heating medium. The bottom of the evaporator is connected to the 
vapour pipe below the heater tube. The neck of the evaporator connects with the condenser which is of 
the spray- and perforated-plate type. Two water jet pumps are fitted to the apparatus, one for the ejection 
of air and non-condensible gases and the other for the ejection of condenser vapour and cooling water. With 
a silver plated copper tube an apparent overall coefficient of heat transfer of 750 B.Th./hr./sq.ft./°F 
temperature difference can be expected. The heater tube shown in the illustration is 15 inch. long and 1 inch. 
{ diameter and evaporates 3 gallons per hour at a temperature of 35°C. 


Sommaire : Détails d’un évaporateur de laboratoire, specialement concu pour évaporer des extraits d’herbes. 


Distillation Tower Becomes Vacuum Drier for Viscous Liquids 
United States. It is suggested to employ old 8-inch. or 12-inch. diameter steel distillation towers as vacuum 
drying towers by removing the bubble cap plates and inserting a rod fitted with conical fins. The fins cause 
any liquid entering the top of the column to alternate from the side of the column to the central rod and 
vice versa thus lengthening the path of the falling liquid. If the column is provided with a steam jacket, 
plasticisers and other heavy non-volatile liquids can be dried by operating the tower under vacuum. The 
Oo provision of the fins results in a 50% extension of the available drying surface. The dryer is especially useful 

where production space is limited and the material to be dried highly viscous. 


Sommaire : Note sur les divers emplois de pylones de distillation de 12 pouces de diamétre, aprés les avoir 
convertis en pylones de dessication sous vide, pour le séchage de liquides visqueux. 


Improvements in the Production of Concentrated or Dried Milk 


France. It has been observed that concentrated milk tends to grow rapidly rancid, assumes a fish-like taste, 
and often becomes tallowy. The rancidity seems to be due to the liberation of saturated fatty acids, chiefly 
butyric acid, under the action of lipase, while the fish-like taste originates from the hydrolysis of lecithin and 
the tallowiness from the oxidation of oleic acid in the presence of oxidase through oxygen occluded or dissolved 
in the milk. It has been proposed to remedy these shortcomings by a chemical treatment. The method 
described here serves the same purpose but employs physical and mechanical means avoiding the addition of 
a substance which may alter the composition of the milk. The initial operation of the new method provides 
for the separation of the cream from the milk. The cream is first pasteurised, then partially evaporated under 
a high vacuum in order to cool it and finally treated by injecting superheated steam while it is still under 
vacuum. The skimmed milk is pasteurised, cooled by expansion under vacuum, concentrated and re-cooled. 
After this treatment, cream and skimmed milk are mixed again. The vacuum treatment ensures the 
elimination of the oxygen occluded in the cream and skimmed milk and assists in the removal of the volatile 
free fatty acids such as butyric acid which are responsible for the rancidity. The injection of superheated 
steam into the cream under vacuum volatilises the remaining free fatty acids such as the unsaturated acids 
of the oleic group responsible for the potential tallowiness of the finished product. 


Sommaire: Recette d’un procédé de production de lait concentré ou séché évitant le danger de rancidité 
du produit fini. 


37 — METALLURGICAL PROCESSES — 37 


Silicothermic Magnesium Comes Back 


United States. During World War II six silicothermic plants were put into operation with a total capacity of 

138 million lb. per year. The average cost of producing 1 lb. of magnesium crystals was then 27.39 cents. 

Electrolytically produced magnesium ingots averaged 18.24 cents per lb. In 1945 only 16% of the total plant 
capacity of the country was still in operation. After the beginning of the Korean war magnesium requirements 

: rose again, and several old plants were re-commissioned. Operating conditions at Manteca, one of the 
re-commissioned plants, are described. During the war some 13 million lb. of magnesium crystals per year, 
equalling 11 million lb. of magnesium ingots, were produced at Manteca. The plant is equipped with 1,024 
retorts, each 10 inch x 10.5 ft. They are charged five times in two days and produce approximately 28-35 lb. 
of magnesium crystals per charge. Each charge consists of 200-250 Ib. of pellets compressed to a density of 
72 lb. per cu. ft. The pellets consist of 4.5 parts of calcine dolomite, one part Fe Si (75% Si) and 0.1375 part 
of fluorspar which acts as a catalyst. One complete cycle of the process takes about nine hours and 45 minutes 
and consists of three phases: (1) Burn-off (driving off most of the combined water before the retort is sealed) ; 
(2) Rough vacuum treatment, pressure : 26 inches Hg, period: 30 minutes and (3) High vacuum treatment, 
pressure : 100-150 micron Hg., temperature: 2,140°F, period: 9 hours. The following reaction takes place 

during phase (3) : 

2(MgO.CaO) + 1/6FeSi, 6—» 2Mg+ (CaO), SiO,—1/6 Fe. 

The heating medium is natural gas. Since its re-inauguration the plant has produced as much magnesium 

with 600 men in a five-day week as it produced during the war with 804 men in a six-day week. Improvements 

are made continuously in an effort to make the silicothermic process economically competitive. One of the 
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improvements contemplated refers to the design of the retorts. The present retorts, made from stainless 
steel, are cast in one piece. Leaks in the walls set a limit to the vacuum obtainable. Also, the microcracks 
responsible for the leaks provide weak spots which ruin the retort and reduce its normal lifetime to approxi- 
mately 250 days. Experiments are now in progress with sectional retorts, the object being to salvage sound 
sections of the retort by eliminating the damaged section thus reducing expenditure on retort repair and 
replacement. Finally, attempts are made to modify the procedure and provide for continuous operation (as 
distinct from batch production) by arranging for the melt to be poured into a ladle suspended from a monorail 
which in turn charges two continuously working ingot casting machines. 


Sommaire: En vue de pallier au serieux manque de magnesium, un nombre d’installations pour la production 
de ce metal par la méthode de la ferro-silice ont été remises en operation et des efforts sont en train pour 
rendre cette méthode, developpée pendant la derniére guerre, économique. 


Vacuum Melting Titanium and Zirconium 


United States. Three vacuum furnaces are described suitable for the melting of titanium and zirconium. 
One, a laboratory type, handles titanium ingots up to 25 lb. The vacuum is produced by a three-stage 
mercury diffusion pump and the pressure measured by a tilting Macleod gauge. A graphite crucible is used, 
placed in a five-inch zircon crucible which fits a quartz tube, the whole assembly being inserted in a high- 
frequency coil. The second type is designed for the melting of titanium on an industrial scale and is evacuated 
by an oil diffusion booster pump coupled with a 100 cfm mechanical vacuum pump. All components are 
standard. Pouring is effected by tilting the furnace. The third version is a development of the second 
modified for bottom pouring and is mainly used for the production of zirconium. Both the latter types are 
heated by induction coils as well. Degassing is effected by heating the crucible to approximately 3,100°F 
under a vacuum of 1,000 micron Hg or better for 30 minutes. The melt is cooled under vacuum. Tests 
have been made to investigate carbon contamination by the crucible. It was found that carbon contamination 
of zirconium is not as serious as in the case of titanium since the solubility of carbon in zirconium is lower. 
The influence of pressure on carbon contamination of titanium is shown in a table reproduced below. 


Absolute Pressure | Total Carbon | Temp. During Time 
During Melt (Ave.) Melt Molten 


2-3 microns 1.24 2,830°F 10 min. 
100 microns 1.41 2,920°F 10 min. 
500 microns 1.61 2,950°F 10 min. 


Sommaire : Description de trois types de fours applicables 4 la fonte du titane et une a la fonte du zirconium. 


Window Shield for Vacuum Melting Operations 


United States. The conventional way of measuring temperature during vacuum melting operation provides 
for the use of an optical pyrometer sighted on to the hot metal in the furnace through a window in the furnace 
cover. However, vapours rising from the molten metal onto the inside surface of the window tend to make the 
pyrometer readings inaccurate. To overcome this difficulty an arrangement is proposed in this note whereby 
a metal box with a circular hole in the perpendicular axis of the window is fitted on the inside of the furnace 
cover. Inside the box is a disc which carries four glass plates. The disc is assembled to a shaft which extends 
through the furnace cover. By rotating the disc the glass plates can be brought in line with the hole in the 
box and the window. This makes it possible to expose a clean window during each melting operation. The 
shaft seal is of the ‘ O ’-ring type. 


Sommaire: Arrangement permettant d’éliminer les inexactitudes de la mesure de la temperature du metal 
chaud dans un four a vide l’aide d’un pyrométre optique. 


Vacuum Reduction of Some Metallic Oxides Using Zirconium 
United States. Several of the more electropositive metals have been prepared by high-temperature vacuum 
reduction of their oxides with zirconium. The method is especially suitable for milligram or gram-scale 
preparations and has been used to prepare 77 mg of radioactive Be? from Be70. Attention is again called to 
the possible hazardous nature of the zirconium reduction of compounds other than oxides, especially sulfates 
of the alkali metals. 
(Nuclear Science Abstracts) 

Sommaire: Description d’une méthode pour la réduction d’oxydes de métaux par l’emploi de zirconium 
sous vide. 
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Removal of Impurities from Tin by Vacuum Distillation 

United Kingdom. Last traces of certain impurities could be removed successfully from refined tin by heating 
the samples in a silica tube at 1,000°C. for four hours at a pressure of 0.05mm.Hg. Arsenic, antimony, lead 
and bismuth were completely absent after this treatment. After the installation of a diffusion pump 
distillation was carried out at 10-° mm. Hg. This facilitated a rough separation of the evolved metal vapours. 
In one instance antimony condensed in a black band and tin in a grey band nearby. 


Sommaire : Note sur les avantages du procédé de distillation sous vide pour la purification poussée de 1’etain. 


38 — DISTILLATION — 38 


Molecular Distillation 
France. As far as is known molecular distillation was first used by Bronsted and Hevesy in 1922 for the 
separation of mercury isotopes. In 1934 Chaudron employed the same principle for the sublimation of 
mercury. At about the same time Burch, Fawcett, Carr and Jewell designed molecular distillation apparatus 


- for the production of Vitamin A from fish oils. Later Hickman and co-workers distilled several tons of fish 


oil per day. In ordinary distillation apparatus the boiler and condenser are joined by tubulation. In the 
case of a molecular still these two plant components are so close to each other that the distance is no larger 
than the mean free path of gas molecules in a high vacuum, i.e. a few millimetres at a pressure of 1/1,000th mm. 
Hg. The object of a molecular distillation process is not boiling but evaporation. According to Langmuir the 
speed of evaporation at a given boiler temperature is proportional to the square root of its molecular 
weight. Langmuir’s formula permits the calculation of the speed of evaporation in gram per second and 
cm.* Hickman showed that the elimination curves indicating the distillation yield as a function of 
temperature have the shape of a bell. The maximum value shown in the curve is a characteristic of the 
processed material. Where the difference of temperature between the maximum values of two materials of 
similar molecular weight is small the two materials cannot be separated by molecular distillation. This applies 
for instance to palmitic acid and stearic acid which differ in molecular weight by 28 and shows a difference 
of 10°C at their respective maxima on the elimination curve. Both of them, however, can easily be separated 
from glycerides which have a molecular weight close to 1,000. Diffusion pumps are required backed by 
mechanical pumps for the operation of molecular stills. Aluminium is a good structural material, neither 
discoloration of the product have been observed nor corrosion by the author. Molecular distillation can be 
applied to any organic substance as long as the heat of cohesion is inferior to the heat of dissociation in the 
molecule of the substance. At present molecular distillation is employed in the production of Vitamin A 
and D from fish oils, in the refining of vegetable oils, in the production of mineral oils of graded viscosity, in 
the preparation of plasticisers and in the perfume industry. 


Sommaire: Revue des emplois et des particularités techniques d’appareils a distillation moléculaire. 


Analytical Distillation with a Micromolecular Still 
Canada. A molecular still has been developed in which analytical distillations of milligram quantities of 
material can be made without use of constant-yield or carrier oils. The still consists of a glass pan suspended 
from a quartz helix in the longitudinal axis of an internal heating coil. An internal thermocouple is used to 
estimate temperature of distilland and the course of distillation is followed by measuring, with a cathetometer, 
change in extension of the helix. Acetates of mono-, di- and trisaccharides, anthraquionone dyes, fatty acids, 
monomeric and polymeric esters of fatty acids, triglyceride oils and cholesteryl esters have been distilled 
successfully. Composition of mixtures has been determined by analytical distillation and molecular weights 
of components have been estimated through reference to distillation temperatures characteristic of the 


materials. 
(Author) 


Sommaire: Description d’un distillateur moleculaire, dans lequel la distillation analytique de quantités 
de l’ordre du milligramme, peut etre faits sans l’emploi d’huiles diluantes non-volatiles. 


Improvements i.o.r.t. Apparatus for Molecular Distillation 


Switzerland. The design of a molecular still is described which is intended for use at pressures of 0.01 mm. Hg 
or less. It consists essentially of a cylindrical distillation chamber placed in a horizontal position. The lower 
part of the chamber is filled with the distilland. A number of vertical discs fitted to a horizontal shaft running 
through the chamber dip into the liquid. The shaft can be rotated from outside. A battery of condensers 
with vertical condensation surfaces is situated in the upper part of the chamber close to the discs. When the 
latter revolve, a film of the distilland is carried on their surface into the vicinity of the condensers. The 
distilland is heated by means attached to the bottom of the chamber and the condensers are cooled by a 
liquid refrigerant circulating through the interior of the condenser bodies. The condensate collects in troughs 
underneath the condensers and is drained off into a separator outside the evacuated distillation chamber. 
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Fractionation is controlled by the amount of heat supplied. Two versions of the apparatus are described, 
a type suitable for batch production and a type suitable for continuous production. 


Sommaire: Description d’un appareil 4 distillation moléculaire, consistant principalement en une enceinte 
evacuée, remplie partiellement du distillant et dans lequel trempent des disques. Par rotation de disques 
un film du liquide est soulevé vers la surface de condensation dans la partie supérieure de la chambre. 


High-Vacuum Unobstructed Path Fractionating Distillation Method and Apparatus 


United States. An apparatus for fractionation under high vacuum unobstructed-path conditions is described. 
The distilland is admitted at the bottom of the cylindrical chamber on to a rotating vaporising surface which is 
heated internally by electrical means. The rising vapours enter the fractionating part of the column which 
contains a rotating shaft in the centre carrying brushes in contact with the wall of the column. In operation 
part of the vapours condense on the cool shaft in the centre, from where the liquid is carried along the brushes 
to the hot wall of the column. As a result the liquid re-evaporates and is directed again towards the centre of 
the column. The alternate condensation and vaporisation of the distilland and the frequent cross-current 
contact with the vapours rising from the bottom of the column cause the heavier components of the distilland 
to pass downward and the lighter components to proceed upward until they reach the condenser surface at 
the top of the column. Here, the liquid is collected in a gutter ready to be drained off. 


Sommaire: Description d’un nouvel appareil a distillation fractionnée sous vide poussé 4 passage non retreci. 


A Manostat for Constant Pressure in Vacuum Distillation 
See Abstract No. : 119/III 


39 — MISCELLANEOUS PROCESSES — 39 


Transparent Conducting Films on Glass 
See Abstract No. : 151/III 


The De-Icing of Optical Instrument Windows 
See Abstract No. : 152/III 


Some Properties of Freeze-Dried Milk 
See Abstract No. : 58/IV 


Improvements in the Production of Concentrated or Dried;Milk 
See Abstract No. : 157/III 
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40 — GASES AND VAPOURS — 40 


‘ The Dispersion of Electron Beams in Gases 
United Kingdom. When an electron beam passes through a gas it is scattered mainly elastically. The size 
[ of a spot produced on a fluorescent screen by the diffused beam can be measured and calculated. If the 
{ pressure of the gas is reduced, ionisation by an electron beam concentrates the beam. A mathematical treat- 
: ment of this ‘ gas focusing ’ was not very successful. The gas pressure used in experiments on this phenomenon 
never exceeded 10-°’mm. Hg and this value was accepted as the practical upper limit. The authors discovered 
that an electron beam accelerated to 3-10 kV in nitrogen remains well concentrated even at pressures of about 
1 mm. Hg and this led to the following interpretation of the phenomenon: The concentration of the beam is 
caused by positive ions, present in the path of the beam. At the pressure level considered the fast electrons 
of the beam produce positive ions and slow secondary electrons which are caused to diffuse radially outward 
beyond the path of the beam. The electrons produced are faster than the ions. Thus, a concentration of ions 
i takes place along the axis of the beam and a positive space charge develops in that region. As secondary 
electrons and ions are produced in equal numbers, a negative space charge develops in the region bordering 
on that of the positive space charge but at distances still further away from the axis of the beam, the velocity 
of the electrons diminishes and that of the ions increases. This condition promotes recombination and 
concentration decreases accordingly. Ata given radius where equilibrium exists speeds are equal and so are the 
numbers of electrons and ions crossing the corresponding cylindrical surface. A rough calculation gave results 
consistent with the above interpretation. The authors point out that the above considerations do not apply to 
gas focusing at a very low pressure which is a fundamentally different phenomenon. 


Sommaire: Etude de la dispersion d’un faisceau eléctronique dans une décharge gazeuse. 


The Pressure Dependence of the Absorption by Entire Bands of Water Vapour in the Infra-Red 
See Abstract No. : 152/I 


The Adsorption of Gases on Metal Filaments, Films, and Single Crystals 
United States. Particular stress is placed on the problem of uniform surfaces. An historical study follows 
which is specifically concerned with (1) metal filaments and evaporated films, and (2) surfaces of metal single 


crystals, both considered as approximations to ideal surfaces for adsorption measurements. 
(Science Abstracts) 


Sommaire: Recherches sur l’adsorption de gaz sur filaments métalliques, sur films et cristaux métalliques. 


Gettering Process of Barium. Sorption Properties of Oxygen to Barium 
See Abstract No. : 119/I 


Reactions of Artificial Graphite 
See Abstract No. : 156/I 


The Flow of Gases Through Capillaries 
United Kingdom. The flow of hydrogen, helium, nitrogen, ethylene, argon and carbon dioxide through 
capillaries has been measured at room temperature in the region of transition between molecular and viscous 

flow for capillary walls of polymethylmethacrylate and gold. Large numbers of capillaries were used in 
{ parallel, each from 2 to 3 mm. long and about 0.08 mm. in diameter. The minima in the curves found by 
earlier observers were confirmed, and comparisons with kinetic theory showed discrepances depending on the 
gas and wall material. The differential flows of the mixtures nitrogen/carbon-dioxide, argon/carbon-dioxide 
and nitrogen/ethylene were determined by measurement of the charge of concentration during effusion through 
similar capillaries, and the discrepancies with kinetic theory were confirmed. Results are compared with 
recent theories, and the separation at high pressures due to differing collision diameters is verified. Since 


( flows were lower than predicted, any explanation of the discrepancies based on specular reflection is questioned. 
(Science Abstracts) 


Sommaire : Ona étudie l’ecoulement visqueux et moléculaire de certains gaz au travers des vaisseaux capillaires 
de divers matériaux. 


Molecular Weight Determinations by Effusiometry 
See Abstract No.: 158/I 
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The Purification of Rare Gases by Activated Uranium 
See Abstract No. : 136/I 


Electromagnetic Mercury Pumps for Circulating Gases 
See Abstract No. 86/II 


41 — FREEZE DRYING — 41 


Freeze Drying Growing Up 

United States. A freeze-drying plant is described which facilitates continuous operation as distinct from batch 
production. The liquid to be processed is frozen in the form of small pellets in a granulator at atmospheric 
pressure. The frozen pellets drop into one of two hoppers. Each hopper is evacuated after filling and sub- 
sequently releases its charge onto a Teflo-glass belt inside the drying chamber. The belt carries the pellets 
past a plurality of infra-red heat radiators. In spite of the intense heat given off by the radiators (1,000-1,200°C) 
the pellets maintain a temperature of -20°C. The drying chamber is evacuated to a pressure of 100 micron 
Hg by two pumps of 5 h.p. each. The water subliming from the pellets is drawn into condenser units 3 x 6 ft. 
in section and kept at a temperature of -40°C. The condensers are defrosted from time to time with steam but 
as there are several condenser units processing is not held up. After drying the material falls through an air- 
lock into an evacuated hopper from which it is fed onto a conveyor for transport to the packaging station. 


Sommaire: Détails d’un procédé de lyophilisation permettant une production continue. 


The Preservation of Biological Materials With Freeze Drying 
United Kingdom: The freeze drying process consists of two main stages: Freezing the material and drying 
it from the frozen state. Freezing should be rapid to prevent spoilage of the material. Two alternative 
freezing techniques are employed: Freezing of the material prior to loading it into the drying chamber and 
self-freezing by evaporation of the solvent inside the evacuated drying chamber. The former can be carried 
out in three ways: Shell freezing, vertical spin freezing and shelf freezing. Shelf freezing applies to small 
bottles only which remain stationary during the freezing and drying process. In the case of shell freezing 
and vertical spin freezing the bottles are rotated during freezing in order to obtain a large surface and minimum 
depth of the processed material. Freezing by self-evaporation under vacuum was attractive but difficult due 
to foaming until Greaves introduced the method of rotating the containers at a moderate speed in the drying 
chamber before and during the early stages of exhaustion. As a result freezing occurs rapidly with complete 
absence of foaming. During drying the material remains frozen due to the loss of heat of sublimation (680 
calories p. gram for ice). To prevent the material from reaching a temperature too low to maintain the required 
speed of drying heat has to be supplied externally. The operational pressure for drying ranges from 2.5 to 
0.05 mm. Hg. The pumps used should be fast and designed to remove effectively permanent gases released 
from the material and large volumes of water vapour. The specific volume of water vapour at 0.1 mm. Hg 
is approximately 10,000 litres/gram. The steam ejector as mentioned and the mechanical oil-sealed rotary 
pump fitted with a device for continuous draining of the oil removing entrained water. For the elimination 
of the water vapour powerful desiccants or refrigerated condensers are normally used. Three grams of 
phosphorus pentoxide absorb 1 gram of water. The design of refrigerated condensers is discussed in some 
detail. Normally the condenser temperature need not be below -40°C. At this temperature the vapour 
pressure of ice is 0.09 mm. Hg. This value represents the ultimate pressure required in the chamber to stop 
re-diffusion of the moisture from the condenser to the drying chamber. Accurate figures for drying rates of 
biological materials cannot be predicted yet but rough estimates can be made considering that the ice surface 
of a frozen product in vacuum recedes at a rate of 0.2 mm. tol mm. p. hour. It takes human blood plasma 

4 to 5 times as long to reach a moisture content of approximately 1°% as a similar volume of ice requires for its 

complete sublimation. The drying of a protein solution proceeds essentially linearly down to a moisture content 

of 5%. To eliminate the amount left approximately a quarter of the time spent on the reduction to 5% is 

required. For this reason the provision of two separate drying systems is advisable: (a) drying down to 5% 

and (b) drying from 5% down to approximately 0.5%. 

Sommaire : Revue des facteurs essentiels assurant un bonne qualité des produits lyophylisés. 


The Survival of Bacteria During and After Drying 

United Kingdom. In the past forty years numerous authors have reported survival of micro-organisms after 
drying by various methods, including vacuum and low temperature procedures, but few quantitative results 
have been known. Reference is made to the papers by Stamp (The Preservation of Bacteria by Drying, 
J. Gen. Microbiol. 1, 251, and by Proom and Hemmons (the Drying and Preservation of Bacterial Cultures, 
J. Gen. Microbiol. 3, 7. Both these papers give a list of most of the important earlier works. The authors 
of the present paper aimed in their investigation at the clarification of the following three points : (1) The effect 
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of changes in the suspending fluid; (2) The effect of changes in the age of the culture, and in the cell concentra- 
tion of the suspension; (3) The time and conditions under which death occurs during the drying process. Only 
one species of organism was used in the experiments, i.e. the paracolon bacillus ‘D.201H’. The organisms 
were grown on a solid medium and afterwards emulsified in the suspending fluid. For the purpose of counting 
viability pour plates were used whenever possible. Where this was impracticable the surface method of Miles 
and Misra was used. All drying methods were vacuum methods. All results given in this abstract refer to the 
spin freeze process. The experiments on the effects of the suspending fluid showed that broth or nutrient 
gelatin give much higher long-term survival rates than broth-free media, such as haemoglobin, albumin and 
gum acacia. The addition of 5-10% glucose to nutrient broth gives a survival rate higher than that given by 
either broth or glucose alone. Many other sugars appear to have the same effect. Finally, it was discovered 
that tubes dried primarily only showed a much higher survival rate (not only after 24 hours but after storage 
for periods up to one year), then tubes subjected to primary and secondary drying. The result of the experi- 
ments on the behaviour of older cultures are shown in the table reproduced below. 


Table Showing the Percentage Survival.of Young (44 hr.) and 
Old (20 hr.) Cultures of ‘ D.201H’ After Drying in Tryptic 
Digest Broth. 


Survival (in %) after 


24 Hr. 13 Months | 29 Months 


Young culture 3.5 1 1 
Old culture 15 6 6 


In order to clarify the third point a viable count was carried out after drying for 24 hours which established 
that from 50-95% of the organisms were dead by that time. Investigating this result further it was found : 
In the case of 7.5% glucose broth the greater part of the killing had occurred in the first two hours. There was 
very little further drop during months afterwards. In the case of 5% albumin, 5% aqueous gelatin and 10% 
haemoglobin with no glucose added there was a fairly steady fall during the first 24 hours which continued in 
the case of haemoglobin until near-sterility was reached after 13 months. Discussing the results of the 
experiments the authors express the belief that the beneficial effects of the glucose in the suspension are due 
to the retention of a certain amount of moisture by the glucose and conclude that their experiments prove 
that a minimum amount of water must be left for satisfactory survival, the only practical difficulty being to 
ensure that the right amount of water is left. Detailed results of the whole of the investigation are given in 


13 tables and 5 graphs. 
Sommaire: Des recherches ont pour but d’établir qualitativement le degré de survie de micro-organismes 
aprés lyophilisation. Discussion des facteurs influengant ce degré. 


Freeze-Drying of the Organism of Contagious Bovine Pleuro-Pneumonia 


Sudan. Previous workers have shown that contagious bovine Pleuro-Pneumonia organisms can be successfully 
maintained in a viable state when dried i vacuo in the presence of phosphorus pentoxide. The object of the 
work recorded in this paper was to standardise attenuated organisms for use as seed material and for vaccine 
production. To meet practical requirements it was considered necessary that the product can be stored safely 
for at least 12 months at 5°C followed by at least another two months storage at a temperature of 37°C. A 
centrifugal freeze drier was used for the drying process which consisted of the following steps: 10 c.c. of the 
culture was centrifuged under sterile conditions for two hours at 2,500 r.p.m. The resultant deposit was re- 
suspended in 1 c.c. of sterile horse serum, filled into the centrifugal freeze dryer containing a charge of 
phosphorus pentoxide and drying was started. Centrifuging was stopped after a few minutes but the drying 
was continued for 14 to 3 hours. At this stage the suspension had a dry appearance but in fact it still adhered 
to the wall of the tube. It could be stored for many months at 5°C, but would not last at 37°C. Therefore, a 
secondary drying process was added to the treatment and the ampoules placed.into a dessicator (phosphorus 
pentoxide) and evacuated for another 20 minutes. Finally the evacuated dessicator loaded with the ampoules 
was stored for 10 days at 5°C. After this process the material no longer stuck to the glass, and the ampoule 
was sealed off after a further evacuation process lasting 30 minutes. When a culture was required the dried 
material was reconstructed in 10 c.c. of serum broth. Cultures processed in this way have survived storage for 
475 days both at 5°C and 37°C. In order to test virulence of the material the contents of an ampoule was sown 
in serum broth and when a pure growth was obtained a subculture was made in serum broth. This was 
incubated for two days and then intramuscularly injected into cattle in 1 c.c. doses. The first strain to be dried 
was tested for virulence before drying and found safe after 43 weekly passages through serum broth. After 
50 passages the strain was dried, stored at 5°C and labelled F.46. When vaccine was required an ampoule was 
opened and sown in serum broth. Ten subcultures were made from this culture; each was incubated for two 
days and stored for 5 days at 5°C before use. 50 c.c. vaccine prepared from this material was sown and 
incubated for a further two days and a purity test added. The vaccine was thus a 4-day growth. It was 
stored at 5°C and discarded if not issued within a month. During a period of 6 months 198,025 doses of this 
preparation were issued. No unfavourable reports were received. In an alternative procedure a two-day 
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growth from a second generation culture of F.46 was collected, dried and labelled F.48. 114,000 doses of the 
latter preparation had been issued when a great number of swellings and deaths were reported. The prepara- 
tion was then tested for virulence with the result as shown in the table reproduced below. 


The Effect of Drying on the Virulence of Attenuated Cultures 


Before Drying After Drying 


Strain Generation Results Strain Number Results 


No. in Cattle days Dried in Cattle 


F 43 0/3 F.46 1076 1/3 


F.48 219 3/4 


0/3 F.62 101 1/2 


0/3 
0/3 


139/51 18 2/3 


Numerator = number cattle dying and/or showing swellings 

Denominator = number cattle inoculated 
It appears that the sharp increase in virulence evident in the material after drying prevents standardisation 
of the seed material for vaccine production by drying. In his conclusions the author suggests to make use of 
the drying technique for the production of dried cultures which could serve as a starting point for obtaining 
attenuated cultures for vaccine seed. For instance, tubes containing F.48 have been opened after various 
periods of storage and the contents tested for virulence after subculture. The organisms were attentuated 
after 14 subcultures in two cases and after 18 subcultures in a third instance. 


Sommaire: Rapport sur une recherche sur la lyophilisation d’organismes pleuro-pneumoniques bovins en 
vue de standardiser du materiel d’esemencement pour la production de vaccins et en plus, la production de 
vaccins secs. 


Some Properties of Freeze-Dried Milk 


United States. Spray dried whole milk powder has certain limitations. It does not mix readily with water 
and many samples leave greasy films on the containers after reconstitution. Also, flavour quality tends to 
deteriorate rather rapidly during storage. It was decided, therefore, to investigate whether the application 
of freeze drying techniques results in a better product. Details are given of the freeze drying apparatus used 
in the experiments. Its drying chamber had a size of 9 x 12 x 10 inch and was fitted with shelves for the 
material to be processed. Radiant heaters were installed above the shelves. Freezing was effected by a 
Freon-charged refrigerator and evacuation down to a pressure below 1 mm. Hg by arotary pump. Preliminary 
experiments furnished the following results: The colour of both spray- and freeze-dried milk was the same. 
Freeze-dried milk consisted of irregularly shaped porous particles, in which the fat globules were dispersed 
throughout the mass. Reconstituted freeze-dried milk produced an oily film on glassware. This indicated 
destabilisation of the fat emulsion during the process and could only be overcome by homogenising the milk 
before freezing. In view of these observations the following procedure was adopted for the final full-scale 
experiments: pasteurising, condensing (to 40% total solids), homogenising (at 2,500 and 500 psi), freezing 
rapidly (in an air stream at -18°F) and grinding of the frozen cubes (in a crusher to increase the drying surface). 
The frozen product was then dried for a period of 24 hours at a pressure of | mm. Hg. This procedure was 
the most satisfactory from the point of view of reducing the amount of free fat content but it would not yield 
a product as stable as the spray-dried powder. 35-75% of the total fats could be extracted from the freeze- 
dried milk but only 12-19% from spray-dried milk under the same conditions. Generally speaking the quality 
of freeze-dried powder showed no improvement over that of the spray-dried product. Both types of powder had 
an astringent flavour. Methodic investigations on the subject of flavour seemed to prove that drying per se was 
not responsible for the flavour. There was no possibility of distinguishing between spray-dried, freeze-dried 
and condensed milk when they were reconstituted to the same solid content. The freeze-dried powders 
became tallowy at a slower rate than the spray dried powders; but both types became tallowy eventually. 
Both were influenced to the same degree by the oxygen level, at which they were stored and by the temperature, 
at which the fluid milk was pre-heated. In addition, freeze dried samples acquired a decidedly fruity flavour 
never noted in the spray-dried samples. 


Sommaire : Etude de la qualité de poudre de lait lyophilisée comparée a celle produite par séchage par giclage, 


A Human Milk Bank 

Holland. The importance of an adequate supply of human milk is discussed. A survey is given of the work of 
the Human Milk Bank of the Netherlands Red Cross Society. A description is given of how the collected milk 
is transformed into a dry, stable powder by freezing the milk quickly and evaporating the water from the 


frozen milk by means of a lyophilic drying process. 
(Author). 


Sommaire : Détails sur l’activité de la banque de lait humain de la Croix Rouge Hollandaise. 
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45 — ELECTRONICS — 45 


The Initiation of Electrical Breakdown in Vacuum 


United States. There is a large measure of agreement regarding the interpretation of electrical conduction 
phenomena between metal electrodes in a high vacuum. Two kinds of conduction mechanisms exist : cathodic 
electron emission, which occurs only at a very high cathodic gradient, and a low gradient heavy-current arc, 
where vaporised electrode materials play an important part. The latter type of conduction can only be 
obtained by the application of progressively higher voltage. When an arc develops the vacuum ceases to 
serve as an insulating means. This state is referred to as breakdown. The initiation of the breakdown is the 
subject of much less agreement. A number of publications are quoted on work carried out on this problem, 
in particular the theory of ‘ total voltage effect ’ advanced by Trump and Van de Graaff, the ‘ Malter-Layer ’ 
effect postulated by Blewett, McKibben and Boyer’s ‘ positive-ion-negative-ion chain reaction.’ The author 
submits a hypothesis supported by evidence from the literature according to which a breakdown is initiated 
by the detachment—due to electrostatic repulsion—of a clump of material loosely adhering to one electrode 
but in electrical contact with it, traversal by the clump of the high voltage gap and impingement on the opposite 
electrode at much lower or at the lowest potential. Soon after this occurence the full breakdown is assumed to 
develop. In order to facilitate a quantitative assessment of this initiator hypothesis it is assumed that break- 
down will occur when the energy per unit area delivered to the target electrode exceeds the value of a constant 
determined by the characteristics of a given pair of electrodes. The energy can be expressed as the product of 
the gap voltage V by the charge density of the clump. The charge density is proportional to the field E at 
the electrode of origin. Thus the breakdown criterion becomes VE = C, where C is a product of the afore- 
mentioned constant, some numerical factors and possibly a field intensifying factor due to small field in- 
homogeneities in the area where the clump is being detached. For the case of plane parallel electrodes where 
E=V/d this formula permits the conclusion that the voltage, a gap can sustain, is proportional to the square 
root of the gap length for a given pair of electrodes : V > (Cd)4. A formula is given for the assessment of the 
temperatures produced by a clump traversing a gap and another expressing the impact velocity exerted by 
the clump. A summary is given of publications which support the interpretation offered by the author for a 
range of voltages from 20 kV to 7MV and gap distances from 0.2 mm. to6 m. Reviewing the works published 
and taking his own hypothesis into account the author comes to the conclusion that the product of the total 
voltage by the cathode gradient controls the initiation of the discharge. The author continues by discussing 
the so-called conditioning process. He quotes Anderson who used copper and steel for anode and cathode 
respectively and reported the deposition of a brownish deposit on the cathode before a breakdown had occurred 
after 20 minutes steady application of high voltage. This confirms the author’s conception of material transfer. 
From the practical point of view of improving the high voltage insulating characteristics of vacuum, experience 
agrees with the implications of the new hypothesis. Cleaning, choosing of proper materials and high 
temperature bake-out, are all steps which remove progressively or consolidate loose materials and are known 
to have increased the threshold temperature for the development of the breakdown. 


Sommaire : Ou l’on soumet une nouvelle théorie sur le mécanisme de l’effondrement électrique sous vide. 


Thermionic Emitters Under Pulsed Operation 


Holland. Following a short summary of the results of former investigations in the sphere of thermionic 
emitters under pulsed conditions, a more detailed description is given of investigations in this sphere made by 
the authors. The potential gradient in the oxide coating of a cathode for pulsed operation was first investigated. 
This indicated that the layer with large resistance in the interface between nickel and oxide, often encountered 
by other investigators, was absent in the cathodes investigated by the authors. It appears, however, that in 
the case of some oxide-coated cathodes, such as (BaSr)O and SrO, a layer with large resistance occurs at the side 
nearest the anode, which results in a considerable increase in potential in the outer layer of the oxide coating. 
This, in turn, causes a large velocity spread of the omitted electrons which often amounts to hundreds of 
electron volts. By means of a specially constructed tube, the velocity spectrum was examined for different 
kinds of cathodes under different conditions. The spectrum, curiously enough, appeared to be discrete. The 
occurrence of the layer with large resistance, which results in the considerable velocity spread, is probably 
due to two mechanisms causing the conduction through the oxide coating : the pore conduction and the con- 
duction of the grains of the oxide. The relative importance of the two conduction mechanisms will have a 
decisive influence on whether the layer of large resistance occurs or not. No satisfactory explanation has been 
given so far for the occurrence of discrete lines in a velocity spectrum. The considerable potential gradient 
in the outer layer of the oxide may well be one of the causes of the sparking observed with oxide cathodes under 
pulsed conditions. 
(Authors). 


Sommaire: Les performances de cathodes 4 oxydes dans des émetteurs thermo-ioniques sous conditions 
pulsées, sont etudiées. 


Thermionic Constants of Graphite 


India. Some time ago it was suggested to determine the thermionic constants of solids by a method based 
on the determination of the saturation vapour pressure of the electron gas in equilibrium with the solid at 
different temperatures. This is done by determining the effusion rate of electrons drifting into a vacuum out 
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of a small hole in a thin wall of a chamber made from the material under investigation. By applying a known 
thermo-dynamic equation which—analogous to the Clapeyron-Clausius equation—relates the temperature 
variation of the saturation vapour pressure of the solid to its latent heat of evaporation one obtains the 
thermionic constants. The method has also been used for the determination of the work function of graphite 
and other materials. The authors of this letter report on certain refinements of the method which were 
introduced when they determined the thermionic constants of graphite. In order to keep the temperature 
uniform throughout the chamber and for the purpose of obtaining a vacuum sufficiently high to ensure a mean 
free path of the electrons which is larger than the dimensions of the vessel, the whole unit was enclosed in a sealed 
glass envelope. In addition, the graphite surface was covered up with a thin sheet of mica which eliminated 
the emission of electrons from the surface of the material surrounding the effusion hole. The hole itself was 
produced by puncturing the mica sheet. The results obtained from experiments with graphite are shown in a 
diagram where loge(i/T?) is plotted against 1/T (i=saturation current in amps. corresponding to effusion per 
unit area, and T=absolute temperature). The slope of the curve determines the value of the work function 
g which was found to be 4.62. The point where the curve intercepts the y-axis determines the thermionic 
constant A which was found to be 60 + 2 amp. cm.-? deg. ~. 


Sommaire: Description d’une méthode pour la détermination de constantes thermioniques de graphite, par 
détermination de la vitesse d’effusion des electrons a travers un orifice fin, dans le vide. 


Changes in Work Functions of Vacuum-Distilled Gold Films 


United States. Gold was deposited onto outgassed polycrystalline gold at room temperature. The effect of 
the thickness and of the thermal history on 9 was examined. The work function ofa gold film, freshly prepared 
at room temperature by evaporation in vacuo, is lower than that of clean polycrystalline bulk gold but increases 
to that of the latter on sufficient heating. Accordingly, it is improbable that gases adsorbed on, or absorbed 
by, a film are the only cause of its lower 9. These results indicate that the gold film deposited on a surface at 
room temperature possesses some structure characteristics different from that of polycrystalline bulk gold and 
that the structure of the film approaches that of the bulk when the temperature of the film is raised. This 
structure difference may be in the form of surface roughness or dislocations which cannot be detected by low- 
speed electron diffraction. 


(Chemical Abstracts). 


Sommaire : On a procédé a des études sur la travail de sortie de films d’or évaporés sous vide et on l’a comparé 
“avec celle de l’or solide polycristallin pur. 


Change of Contact Potential of Some Metals after Scraping in a Vacuum 

Germany. Tests carried out at 10-*mm. pressure show that contact potential of clean metals rises rapidly to 
a maximum and then falls. Maximum values are reached by Hg in 10 secs., by Al, Ag, Cu in 10 min. and Sn, 
Zn, Cd, Pb in up to 4 hrs. Fifty references. 


(B.S. I.R.A. Bulletin). 


Sommaire: Ona étudié les changements de contact potentiels de certains métaux résultant d’un décapage de 
surface sous vide. 


Vacuum Seals for Continuously Evacuated Accelerator Tubes Operating in High Ambient Pressure 
See Abstract No. : 114/II 


47 — GLASS PROCESSING — 47 


Iron-Nickel-Cobalt Alloys for Glass-To-Metal Seals 

United States. A review of the properties of Kovar, Dumet, Platinite, Fernico of various grades with discussion 
of their equilibrium diagrams, Ar, transformations, grain size, effect of C, work hardening by forming, marten- 
site transformations, and selection of materials for specialised uses. 


(Chemical Abstracts) 


Sommaire : Ou l’on passe en revue les propriétés de certains alliages fer-nickel-cobalt pour assurer l’etancheité 
des adhérences du verre au métal. 


A Sealing Technique Utilising Optically Polished Sealing Faces 


France. <A report is given of the progress made with a new method whereby two glass faces which have been 
optically polished are joined mechanically and finally sealed at a temperature so low that the use of an open 
flame is not required. An account is given of the sealing of the pinch to the glass envelope of a standard 
thermionic valve in accordance with the new process. In the conventional method the glass is heated to the 
softening point and after sealing the joint is annealed. Only after completion of these operations can the 
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valve be pumped and degassed. In the new method the optically worked faces are joined together mechanically 
and the valve is connected immediately to the vacuum system. The valve with the pinch joined to it, is placed 
in a furnace but even before any heat is applied it will be found that the joint is leak-tight down to a pressure 
of 10-*mm. Hg. The temperature in the furnace is gradually increased to the annealing level. Pumping is 
continued and it will be found that after a while the vacuum obtainable in the valve has risen to 10-’mm. Hg. 
Degassing is carried out during the heat treatment and the pumping stem sealed off after completion. 
Finally the getter is fired and the valve is ready for use. Examination of the joint after sealing shows that 
the joint is as solid as that produced in an open flame. The glass in the area of the joint is free from all stress. 
The new method has the following major advantages : (1) The vessel is pumped throughout the heat treatment 
with the result that the internal electrodes are protected against chemical attack. (2) The geometry of the 
valve components is rigidly preserved. (3) The temperature required for sealing is low. The period required 
for heat treatment has been greatly reduced recently by providing local heat concentration in the actual 
sealing area by means of induction heating while the vessel is in the furnace. In this manner seals requiring 
30 minutes in the past can now be completed in 30 seconds. 


Sommaire : Description détaillée des progrés accomplis en matiére de technique pour assurer par d’autres 
procédés que l’emploi de la flamme nue 1’étanchéité de deux surfaces de verre jointes. 
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